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1.0

INTRODUCTION

" This Final Report is submitted in compliance with

Contractual Agreement NAS 9-8927 “and covers the period

1 October 1968 t0-31 January 1973. Eaeh task accomb1ished
during the contract is briefly discussed and sources of
deta11ed descr1pt1ons are included for reference Tasks which
involved support of the late Apolle miss1ons, i.e., Apo]]o-16
and Apollo 17, are emphasized ih the dfscussion; - |

WORK ACCOMPLISHED . \

Apollo In-flight Menu Design °

Menu design support was provided for the Apollo missions 8-17.
In-flight menus and pertinent information for the Apollo missions

are included in Tables 1 through. 46,

Menus were planned<to-contaiﬁ 2200 ¥ 300 calories for Ap0116

missione / through 15 using 4 or 5 items per meal inc}uding

-beverages.

A-report of the Apollo 14 food system was published in

Aerospace Medicine, 42:1185:1192 {see Annendix A).

- The Apollo 16 menu was unique in that it was designed to

measure input and output of selected minerals and electrolytes.
Beverages were fortified with potassium in the form of
potassium gluconate to brfng the.IEVe] of potassium in

flight menus up to 140 mEq per day. " Flight menus for the

- Apollo 17 mission were designed to provide‘Specjfied daily

levels of certain nutrients as follows:.



\ Nutrient ) B . Daily Requirement

Protein - l_ L 951-‘l125 g
Calcium ' - " Af'   '°in 750 - 850 mg
Phosphorus SRR ' lATSOO‘:;1700 mg
o sodium - 3000 - 6000 mg
| Magnesium S 300-- 400 mé'
Potassium o L -(ﬁtlfeas£ 3945 mg)

- Elevated potassium intakes were achieved through the use
of potass1um g1uconate supp?ementat1on of snme beverages,

but supp]ementat1on d1d not exceed 30 mEg of potass1um per day.

Enefgy requirements for both the Apollo Tﬁ'and 17 crews werérr
estimated for each crewman a&cprding~to the formu?a suggested:
by the Food and HNutrition Board.of the National Research pounci]a
for the adjus;meni of calorie allowances fdr adult individua1§
-of variqus weights and ages (éf a mean envircnmenta1~temperaﬂure
of 20°¢C (EB?F),-éssuming light physical aétiQity). The

"calculated daily energy level for each crewman was:

Flight. i - Crewman Calories.

Apollo 16 . John Young, CDR 2750

| | " Charles Duke, LMP ' l2650l
Ken Mattingly, CMP . 2500

Apolio 17 Eugene Cernan, CDR 2870
Ronald Evans, CHMP ' “ - 2740
Harrison Schmitt, LMP - 2800

aNationa]_Academy of Sciences, Recommended Dietary Allowances,
Seventh Reyised Edition, 1968, p. 5.



fThe energy level of each menu was adjusted according to the

-gstim%jpd'requirements é‘ each Crewmember. This requirement
SWas vy

d by & 6- day ground based metabo]lc test for the
‘Apb11ﬁ"1?“crew. Flight diets conta1ned approx.mate]y 300

calories less than the established ground-based reguirements.

- To assist in menu design, an 1hdividual file was compi1ed
for each astronaut. This fi]é'cantéined food preferenée data
-(each astronaut was perm1tted to taste sawn1es of flight food
and indicate preference on a 9- po1nt hedon1c scale), postflight
~data, and information obtained from personal interviews with
_both astronauts and'the éstronauts‘wives; -The infbrmation

was he1pfu1 in ascertaining food preferences, eat1ng habits,

and poss1b1e a]]erg1es or d1gestive pecu11arit1es

- With few EXCEPt]OﬂS (Apo110 8, Apo]1o 15, and LM menus for
Apollo 9= 15) d1fferent menus were des1gned for each 1nd1v1dual
crewmember. Preliminary menu desmgn was reviewed by each
astronaut and recommended modifications subm1tted to the -

jd1etet1c staff. Final menu design was approved and signed

-

by each astronaut,



2.2

Food System for Pre- and Postflight Periods

Food systems were designed to sdtisfy specialized require-

" ments. ThlS 1nc1uded systems for post -lunar quarant1ne,

and pre- and postr11ght periods for the later Apo]?o missions.

A food system was‘deSigned for the Mobije Quarantine Facility
(MQF) which was utilized during the initial recovery peried
of post- 1unar quarant1ne The MQF was dep1oyed on the pr1me
recovery ship in support of Apo]lo 11 12 13b, and 14.
Astronauts were confined in the MQF 1mmediate1y after recovery

and transferred to the Lunar Receiving Laboratory, Houston, Texas.

~The MQF waslequipped with a microwave oven (Amana Model RR-1),

and precooked frozen foods were selected as the basic

menu components fer the MQF feeding system. Foods

and packaging concepts were‘designed,which-were'compatible
with the microWave oven. ,Froien foods were supplemented

with beverages anﬁ snack items. MQF menus used for the

‘Apollo 11 m1551on and a descr1pt1on of this food system are

included in the Annua] Progress -Report (1 October 1968 to
30 September 1969). Production Guide for MQF Food Procurement

~is included in Supoplement. 1. "MQF menus for Avollo 12 were

similar to thoee-designed'for Apo]io'TT, except‘fhat a 5-dav
menu cycie'wes used'for'Apol1o 12, instead of a 4-day cycle

(see Quarterly Report, 1 October 1969 to 31 December 1969).

- The Apolle 13 MQF food system and menu isfdescribed in the

B — , _ _
‘Because of the in-flight.expliosion on Apollo 13, which aborted
the p]anned tunar landing, the'astronauts were not quarantined.



the Quarterly Report (1. January 1970 to 31 March 1970) The
MQF fcod system and menu for Apollo 14 1is included in the

'_1970 October through December Quarter]y Report

-fA1though the WQF as nof dep]oyed for the Ap0110'15 miSsion,
"MQF type menus weIe des1gned for use on the recovery vesse)

for the initial postfiught perlod (see Quarter]y Report,

April through June 1971). S1m11ar systems were designed

for Apollo 16 (see Quarter1y Report, January through March 1972)

and Apollo 17 (see Quarterly Report, October "through December 197:

-Fooo systems were also designed for ehe post-lunar quarantﬁne
in the Lunar Receiving Laboratory, NASA MSC, for Apolio 11-14,
More f?ex1b111ty was perm1tted in th1s system than the MQF

~ feeding plan because chefs were’ ava11ab1e to prepare food

) for”personne]ﬁquarantined in the LRL. In addition, the LRL

was adequately equipped with a variety;of_fooq_gtorage and

preparation equipment.

Basically, the sy;tem ﬁas compose&‘of precooked frozen foods,
which were soppﬁemented by fresb produce, beverages and
canned itemsi The menus which were deoefoped for the

LRL quarantine.are inc]oded in the Quarterly Report for
Ootooer through December'1969. Sioi]ar systems were designed
for Apollo fﬁights 12—14, Food Hand]ing Proeedures for the
Crew Reception Area in the LRL were documented and are- |
included in Appendix B. The Production Guide for Frozen Food

Utilized in the LRL is contained in Supplementi 1, Final Report.

- K «
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-Fbr‘Ap011o 16, nutrient intake was measured and ur{né and

fecal samples collected at KSC 3 days prior to 1aunch;énd

3 days postflight on the recovery ship l"‘iJ,SS.Tict:onde\r'og;:;l,“

. A complete balance of specified minerals and electrolytes

along with analytical values were reported in April through

June 1972 Quarterly Report.

Apolilo 17 as;ronaugs_were a1§o on a controlled diet 3 aays

prior to launch and 3 days after ‘recovery. Fecal gnd-arine
samples were %b]?ected duriﬁg}the test periods and nutrient
intake documented. Metabolic balance data were reported in

the October through December 19872 Quarterly Repoft.

.Apollo In-flight Nutrient Intake

Average daily ndtfient intakes for astronauts during the
Apollo 7 through 17 missions afe'presented in Table 47.

. !
Consumption levels were determined for the following nutrients:

.calories, protefn, fat, carbohydrate, ash, caleium, phosphorus,

iron, sodium, potassium, and magnesium.

"Nutrition Systems for Pressure Suits

Nu£rftion sysiems were suﬁcessfu]]&‘devéioped in the

Apollio Program for astronauté wearing pressure suits during
emergency decompression situations and during lunar surface
explorations. These nutrition systems consfsted of unidue

dispenéers, water, flavored beverages, nutrient fortified

~beverages, and intermediate moisture food bars. The emergency

{

-6 -



2,5

ﬁecompression system dispensed the nutrition from outside the

pressure. suit by 1nterfac1ng w1th a suit helmet penetration
T

port Th‘aﬂﬁnar exp]orat1on system ut1112ed dispensers

stowe eyt .1'the 1nter1or layers of the pressure su1t
These systems could be adapted for prov1s1on of nutrIents in

other s1tuat1ons requ1r1ng the use of pressure suits.

A manuscript (see Appendix C) describing this system has

~been prepared for publication in. derospace Mediecine. .

Food System for Project Tektite .

Tektite II, a joint project sponsored by-the Department of

the Interiof and the Netioea1 Aeronautics and Space Adminfstratior
commenced 1‘Apfi1 1970 at Lameshur Bay, St. John, Virgin Islands.
Two undersea‘statione, a 1ar§e habftat and a mini-habitat, were
tq'be‘dep]oyed_in a series of eqdeewater experiments{" A food
system WaS'dEVe1oped for Tektfte'DfVes 2; 3, 4, 6,'8, g, 10,

11, and 12. | | |

The ]arge habitat was dep]oved for Dives 2, 3, 4, 6, 8, 10,
and 12_(50 foot depths). The crew CUmpTement for the 1arge

" habitat consisted of 5 Tnd1V1dua15 (1 engineer and 4 scientists),

Dives 2, 3, and 4 were conducted as a series. Collectively,

the dives spanned a 60-day period. The second 60-day mission

included Dives 8, 10, and 12. For the 60-day missions, the

scientists were rotated every 20 days, and the engineer was

‘rotated every 30 days. Dive 6 was a l4-day mission and the



.« . .
~subjects were al] femaIes The fema]e crew was changed at

uhe conc1u51on of the 14-day per1od with no rotation dUP\ng

the mission. R SR

The.mini-habitat was to be-placed at a depth ef 100 feet for

ﬁfves 9 and 11. ‘Two individuals (a sc1ent15t and an eng1neer5
were to be confined in the m1n1-hab1tat The Tength of each |
dive would have been 14 days with crew change at the conc}usmﬁnm
of the 14 day per1od,_however, prob1ems were encountered with

the m1n1-hab1tat and it was never dep]oyed

Precooked frozen foods formed the core of the first 60-day
mission (Dives 2, 3, and 4); The frozen food was supplemented

with snack foods and beverages

The food system fof_Dives 6, 8, 9, 10, 11, and 12 was similar
to that designed for Dives 2, 3:,and 4 except that several
'freeze dr1ed and thermostab111zed foods were 1ntegrated into

the system

The aguanauts were requested to indicete their preference

for each item consumed on a 9-point hedonic rating scale.

The Tektite crews were debriefed at the conclusion of each
dive whereby additional informatien regarding food monotony

and eating habits was obtained.
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2.6.

1

1ntake

A_study_was also initiated wherein thé energy éxpendifure

30r ca10ric output Of'the aquanauts. waS'measured through the

“use of d1sta1, visual observation. Energy expend1ture,

based upon agt1v1ty, wgs corre1ated w1th food or ca1or1c

Menus for Tektite Il are included in Quafter1y Reports,

January through March 1970, and April through June 1970.

Product Develooment

»

Product'or package development projects completed during fhé

contract period included freeze-dried rice, chicken rice soup,

-in-suit food bars, potassium fortified beverages, bread,

pecans, dr1ed fru1ts (apricots,'peaéhes and pears), freeze dried

soups (Roma1ne, *eafood b1sque, crab mushroom, and sea scallop

"~ bisaque), frozqn sandwiches, space foqd-bars, beef jerky,

instant drange juice,-choco]ate bérs, peanut flavored chocolate

bar, instant ngts, frésh fru1ts, ice cream, and frozen mea]s

for the in- f]]ght food system,

?

Freeze-Dried . Rice

A United States Patent (No. 3, 692, 533) was issued on

‘September 19, 1972, on the Modification of the Physical

Properties of Freeze-Dried Rice. A copy of this patent is .

included in Appendix D. Freeze-dried chicken and rice soup was .

developed and utilized as a component of the Apollo Fodd System

commencing with Apollo 13.



2,6.2 "In- su1t Food Bars - o .-

A In ~suit food bars were deve1oped for utilization in the
- Apollo space suit while the astrOnauts were on the lunar
surface. The bars were composed primarily of naturé] fruits,
gelatin, sugar apd water. Seven_Qarigfies of béfs were developec
{apricot, cherry, plum, raspberry, ]ema%. strawherry, and
'Spiced apple). The bars were_desfgned to be stable at_room
'-temperature‘by_adjggtfng their_equf]ibwium'rélative humidity
{water activjty) to 65 percent (f.é.,'théy would neithér gain
nbr lose moigture in an envfrbnment of §5 percent relative
humidity). This condition inhibited microbiological growth.
Each bar was covered with_an_edib1e starchrfiim to pre;ent the
product’s stickine;s from interfering with re]eése of.the bar
from the food dispeﬁser‘ The ééib1e film was consumed along

with the bar.

After wrapp1ng the food bar in-the edible starch fi]m, it

Was 1nserted into an elastic nylon food d1spenser AVe1cro
patches were éttached to the nylon for anchoring the dispenser
and bar to the fluid dispenser and the neckring of the

pressure suit. {More information is included in Appendix C).

- 10 -



2.6.

3

Potassium Supplementation

A medica1.requirement Was 1evied.f0r'§n increased Iéfel of
VJbotassium (K) in the diet of the Apollo 16'§rew duiing'flight'
“and for 72 houfs'bothibne~ and postflight. The level of

| potéssium ihtake vas recommended to be 140 mEq per de per

crewman. Attempts to satisfy this requirement in designing

flight menus were not successful utilizing available flight foods

 Pre— and pb§tf1ighi menus utilizing frﬁzen‘preplated foods from

a2 commercial source a]so-did”not provide 140 mEq K per day.

Therefore, the possibitity of K supp?eméntation through the

use of chemicals was 1nvestigatédr' The fo]]owing potassium

compounds which may be uséd as food additives were added to

- bYack coffee at the level of Tﬁ_mEQ'per serving and taste

tested: . | |
1Potas§{um Iodide ':',Pptassigm Phosphate
Potaésfum'Bromafe |  ' D1potassium Phosphate
Potasﬁium lTodate - | | Potassium Ch]oriﬁe
Potassium Citrate | Po{assium Gluconate

Potassiumliqdi&e, bromate, iodéte,‘gnd chloride. possessed
objectionabfe flavors when mixed with black coffee. Potassium
bromate and iodate also did not readily go into solution.

Potassium citrate did not produce any serious off—f]avors, but

it was deleted from. the list of candidate chemicals because it

may be diuretic if consumed in quantities gréater than 2 grams.
In order to maintain a K intake level of ‘140 mEq; it Qas necessar

to consume quantities of potassium citrate in excess of 2 grams.

- 11 -



““Several candidate Apollo foods and possible potassium compounds
were evaluated by a techn.cal taste pane1 Potassium gluconate
/and c1trate rece1ved the h1ghest mean rating compared w1th the

_other potassium compounds.

Tr1ang1e tests were conducted w1th potassium g]uconate added
‘to various beverages and soups. Pane1 members were asked to
identify which beverage or soup was different from the.other
two. | R - o
Taste eva]uatieps_repeaTed 3 potential pptassium compounds'
suitable for supplementation into thepApo110 diet. These
'eompounds'were potaSsium eitrate.'potassium g1ucopafe, and

,dipotessium phosphate.

Dipotassium_phosphate does not require as'much,chemieal per
“serv1ng as potassium gluconate (0.87 grams compared to 2.35) to

~obtain 10 mEg of potassium. However, d1potass1um phosphate

was more readilv detectable by expert taste pane11sts. The.
d}fference in taste was. not usually obaeet1onab]e, however,
one panei1st found it to be very obgect1onab1e when added

to cocoa. T .

The differepee in ecceptability of dipotaesium phosphate and
-potassipm gluconate could be attributed to differences in pH.
A 10 mEq sofution of dipotassium phpsphate has a pH of 9.1
compared ‘to a pH of 7.4 for pota551um g1uconate Ten mEq of

d1potass1um phosphate increased the pH of orange drink from

- 12 -



HSEZ to 4.0 while 1d mEq of potassium gluconate inﬁreased the
pH to 3.6. Potassium g1ucona£e coesistently received fhe
h1ghest rating when compared to-other potass1um salts. With
the exception of pea soup, the samp]es conta1n1ng potass1um
g]uconate were "undistinguishable” from other soups These
foods are more h1gh1y buffered and, therefore, ]ess subJect

to change in pH.

A literature survey on the use: of potass1um compounds as food

)
additives revea1ed that there was a s1gn1f1cant increase in

|

the occurrence of circumferential ulcerating, stenotic lesions
of the small bowel in the mid 1960's in patients on potassium

therapy. However, this has heen attributed to the use of
.. . R ' 153:

potassium chloride in tablet or concentrated form.(i 2 7)

No unfavorable effects from the use of potassium gluconate

in healthy 1nd1v1dua1s were suggested in standard drug use

(1,4,6,7,8).

references. Potass1um g]uconate was reported to

be a very non—1r'1tat1ng, b1olog1ca11y active potass1um

(2)

compound, Jdt is a norme] intermediary metabolite which

is read1]y.absorbed‘and produces no evidence of ulcerations
. ’ : (5) . .
at a dosage level of 80 mEg per day. (5) The .suggested usual

1,4,5,6,7,:
dosage is the equivalent of 10 mEq of K 4 t1mes da11y ( 10)

Based upon these studies, it was,recommended.tﬁat some Apollo 16
beverages and possibly soups be supplemented with 10 mEg K as
potassium gluconate. This was accomolished by the addition

of 2.35 grams potassium gluconate per serring.

- 13 ‘l_



It was recomﬁended'thaf grépe drink, Orange.drink, pineapple-
‘orange drink, pineapple-grapefruit drjnk,'grapefruif with sugar
and cocoa be supplemented with potass1um g1uconate - If the |
requ1red potass}um ievel could not be obta1ned by the use

‘of these enr1ched bevérages, then certa1n sSoups cou1d be
‘enr1ched. Two sources of N.F. grade potassium gluconate were
located. These were Pf1zer Chem1cals Division® and Warren-Teed

Pharmaceut1ca]s Incorporated

. N - -
- -

Over 250 individual servings”of‘épo110.Eéverages were supple-
mented by the addition of potassium gluconate in the

Fobd and Nutrition Laboratory 7This inc]uded Apolio 16
flight bEVerages, as well as pre- and postf11ght beverages,
‘p?us backup and contingency supp11es, and samp]es for a

bedrest study in San Franc1sco

Fortified beverages were also used on the Apollo 17 mission.
Potassium g]uconate supplementat10n of beverages on Apol]o 17

did not exceed 10. mEq of pota551um per serving.

-

Potassium suop]ementat1on of food w1th potass1um gluconate
was subm1tted as a new techno1qu reoort This new techno]ogy

may have broad app11cat10ns 1n_med1ca] and nutritional areas.

Cpfizer Chemicals Division, P.0. Box 22249, Dallas, TX 75222.

dwarren—Teed Pharmaceuticals, Inc., 582 West Goodale Street,
Columbus, OH 43215. '

- 14 -



2.6.4

aBread Packag1ng

A concept was deve]Oped for packag1ng fresh bread which would

prov1de shelf- 11fe of at least ? weeks Mater1a] selection

was based upon 1ow mo1sture and g4as transm1ss1on rates and

_'heat sealability.

Three types of bread - white, whole wheat, and rye - were
initially packaged in a mylar-po?yethylene laminate. .The
packages, each containing 1 alice, were flushed 3 times with

hitrogen, partially evacuated;(3 to 4 inches Hg) and heat sealed.

Three samples were tested for u1tra—high vacuum compatibiIity;
The sealed packages were p]aced in an AVCO env1r0nmenta1
chamber and the chamber evacuated to 1 x ld-s torr. The
package; were rempved and exam1ned after a 15-minute holding
period. The packages'werelretdfned to the chamber and it

was again evacuated to 1 X 10_6 torr. The packages remained

at this pressure for an additional 15 minutes. Two of the 3

»

'packages bur:t during the second 15- m1nute per1od The

slices of_bread in -the ruptured packages were dehydrated

and.extremely hard.

Two additional packages of bread were placed in a chamber

and evacuated to 5 psia. The pdackages ballooned but did

. not burst.
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Additional samples of rye; white and cheese bread were
packaged in KEL-F- 82 ‘and p]aced in chambers which were
evacuated to very 1ow pressures. These packages did not‘
:bpcst under'these Jpw pressure.conditions. Ap‘attempt'pas-
made to evacuate the cﬂamber-to 1 % 10‘§ torr, buc thie

- pressdre was not atcainedrbecauee of‘the degree of off—gaseing.

Apparent1y there were pihhoIes in the packaging materialf

"Storage stud1es have- been conducted w1th bread packaged in
the following materials: 1) a my]ar po]yethy]ene laminate,
2)‘a po]yethy1ene—my]ar«ac]ar—po]yethy]ene laminate (SLP 4),
3) KEL-F-82. The packaging material.was swabbed with '
f770 percent ethyl alcohol. The fnddvidua] s]dces of bread
were p1aced asceptically into the package Each package was
flushed 3 twmes with nitrogen, partia11y evacuated and heat

l

‘sealed.

-The studies. estab]1shed two important facts. First, if the
bread is hand1ed and packaged ascept1ca11y, flushed W1th
'n1trogen and part1a11y evacuated, ‘mold growth can be ccntro1]ed
for severa];weeks. Samp]es of bread have been stored for

14 weeks without the deve]opment of mold growth. Second,

" water vapor and gas transmission rates of‘packag{ng materials

are low, the bcead remains soft and fresh.

Bread packaged for Apo11o flights were handled and packaged
according to T.I. Production Guide No. 005 (see Supplement 1,
Final Report). A new techno}ogyrreport was submitted for this

packaging jnnovation.
| - 16 -



2.6.5 \Pecan Packaging

A package system was deve]oped for pecans‘ Deta1]ed proceques
- for handling and packag1ng pecans are 1nc1uded in
-T.I. Product1on Guide No. 011 (see Supplement 1,

Final Report)}

2.6.6 Dried Fruit Packaging

A package was designed for dried fruits (apricots, peaches,
and pears). Procedures for packag1ng dr1ed fruits are 1nc]uded
in T.1. Product1on Guide No. 009 (see Supplement 1,

Final Report).

2.6.7 Freeze-dried Soups

A varjEty of soups were freeze;dried and included in the
Apdllo Food System. Freeze-dried soups included romaine,
“seafood bisque, creb mushroom,'and sea scallop bisque.
Procedures for drying and packag1ng the products are 1nc1uded

in T.I. Production Guide No. 017 (see Supp]ement 1, F1na] ReJort)

-

2.6.8 Frozen ‘Sandwijches

Frozen,sendwiches were developed for utilization during the
'initial periods of the Apollo f]ights. Sandﬁiches (ham,
ham'and cheese, or sliced smdked_turkey) were packaged under
stricf sanitary conditions and ffdzen. Immediately prior te
flight, the frozen sandwiches were inserted into a suit pocket.
These products were consumed during fhe initial flight period.

]
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2?6*9 "Miscellaneous Package Deve]opment

Packagvjjéaﬁe des1gned for space food bars, beef Jerky,
“dinstant orange Ju1ce, choco]ate bars, peanut flavored chocolate
bars, and instant grits. Procedures for hand11ng and packag1ng
these products are included in product1on guides (see Suppliement

Final Report}).

2.6.10 Frozen Food |
o A1thodgh never ufiTiigd in the Apollo Program, é frozen food
capability was develoﬁed. Procedures wefe developed to int]ude
ice cream.and frozen meals. Prototype a}ti§1es were developed
and eva]uated.' Productioﬁ guideé for fée cream and frozen
"meals were documented (see Supplement i, Final Reporf)‘
“Ice cream and frozen meals weré to be étored in a static
. freezer (Yiqﬁid nitrogen cooled) and'subséquently éonsumed
:‘1n¥fiight: An Apollo food warmﬁné-tray was developed under

~another contract for heating the frozen meals.

Because of weight and volume restrictions, this system was not

implemented in the.Apo]To'Program.

Additional information on this project is contained in the

':"Annua1 Pfogress Report (October 1968 through September 1969).
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2.6.11 Fresh Fruit Packaging

_An.invesfigation was undertaken to determine fhe feasibility

l of providing fresh.rruit for spececraft feedingﬁﬂ Tﬁree series
- of tests were performeg to deterﬁine the effect of reduced
- pressure, storage temgeraiure, and oxygen atmosphere on both

packaged.aﬁd non-packaged fruit.

Applés, bananas and oranges were placed in an AVCO environmental
chamber. and 'the pressure was-reduced to ] X 10-6 torr for a
24-hour period. Out-gassingrwas extensire and excessive moisture
contam1nated the vacuum system. The'freit samples beeame_
dehydrated when subJected to th1s low pressure environment.

To e11m1nate the adverse effects of dehydrat1on, a package

-

was des1gned to retard out-gassing and moisture Joss.

‘Packaging materials with low oxygen and water vapor transmission

rates were selected.

Four app]eeAand-Z'oran@ee were packaged in SLP¥4 and sealed
under vacuum. The internal pressure of the packages was
50 mh‘of Hg{ Two var1et1es of app]es, Rome Beauty and De11c1ous
wWere packageda These samp]es,'e?ong-w1th non-packaged samples
~were placed in a‘chamber'at 5 psia.- The chamber temperature

was 22.2°C throughout the test.

After 7 days, one packaged apple from each variety and
1 packaged orange was removed from the chamber and examined.

"The Rome Beauty appje was discolored and 90 percent of the

N 10 -



“mass-was soft and watery. The packaged Delicious apple

showed no change -during this period. The Delicious apple
was firm and-in an acceptab]e'cohditioﬁfH-The packagedioranga
-was unchanged exaept for some moTa at the-stem. |
The non-packaaea Rome Beauty appTe was;%1ight1y withered
'show1ng s1gns cof some dehydrat1on The non-packaged Delicious
showed no apparent change in 1ts physical condition. There was

11tt1e or no difference between -the appearance of the packaged

and non- pacPaged De]1c1ous apples

Out-gassing in the packaged De]1c1ous apple-was slight but
out- gass1ng in the packaged orange and the packaged Rome Beauty

apple was extensive.

-Two apnc1usions were drawn from'these'hreliminary tests.
First, the Rome Beauty apple is- an undesirable variety and
future eVa]uations should include the Delicious variety.
Second, unpackaged fruit is subjéct'to'dehydrat{on under

-

Tow pressures.”

A'pfe1?minary storage test was aonducted'with app]es, bananas,
and oranges packaged in SLP-4 and non packaged samp]es of
these fruits. Each package was f]ushed with carbon dioxide -

and the packages were sea]ed under a vacuum af 50 mm of. Hg.
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The samp}es were stored at 4.4°;}é2L2°, and 37.8°C for 4 days.
After 4 days, the samp]és stored at 22.2° and 37.8°C yereltota11y
hﬁécceptab1e; Respiratfon of the.fruit-at these“temperatures
caused large amounts of gas to écéumu1ate within the package.

The apples stored at 4.4°C were acceptable and-very Titt]é gas
was produced be;ause‘of the retarded respiration rate af this

temperature.

Baséd;uﬁgﬁ the results of‘the preliminary test, a 14-day |
‘controlled storage temperature-study Wwas cqnducted with appleé.
Delicious apples were packaged in'Sarane; #28‘(a co-extrusion of
polyethy1ene-ﬁéran-po]yethy]ene) wh%ch has a low ﬁxygen and
water vapor transmission rate. The,packages were f]ﬁshed

:wfth carbon dioxide and vacuum‘padkaged with 50 mm of HQ.

These samp]eé were stored a]ong with non—péckaged samples at

4.4°,22.2°, and 27.8°c.. -

'After 48 hours, there wés no-visfbje thange in any of the apples.
The vacuum on the ﬁatkaged apples stofed at 22.2°C was relaxed
because qf-out-gassing.- This condition was more pronounced

in packages stored at 3?.8?C;'Tpesé packagés were fully extended

because of outgassing.

The packages stored at 4.4°C-were still under vacuum and there

was no sign of ocut-gassing.

After 11 days;‘the.apples storedlat 4.4°C were in excellent
cdndition. fhé vacuﬁm on the packdged apples was still intact.
There was nc apparent change in the éppedrance or phystecal
condition of the apples. '



\“A%tef 11 days, the apples storqd'ét 22.2°C were slightly soft,
and disco1préd. Disco]oratioﬁléhd softening were most
nbticeab]e,in the]packagedrsamp1;s: 'Allhappjeg store& at

. 37.8°C for. 11 days were quite soft. 'The_packagéd apb1és stored
at 37.8°C were extremely discolored aﬁd“very soft. The temperatu:

test was discontinued after 2 weeks. Out gassing had caused ’he
vacuum on the packaged apples stored at 4.4°C to relax_slightﬁy.
- These appTest both packaged and non-packaged,_were in excel]eﬂt
condition. After 2‘wéeks, noﬁe.éf ihe‘apb1es stored a£'22.2°c

or 37.8°C;weré'acceptable. "fhESE'samp1es were soft and
discolored and these defects were more pronounced in thg packaged
samples. The non-packaged apples stored at 37.8°ﬁ also showed

some signs of dehydration.

Two Delicious §pp1és and 2 oranges, packagéd and ndﬁQpackaged,
 were storéd in a chambef conta{ning a 90 to 100 percent oxyged
qtﬁosphere; The packaged samples were seaied'under a_vacuﬁm
of 50 i of Hg...The packaging material used Qas'SLP-4. The

temperature of the chamber was 22.2°C,

After 48 hours, there was no visib]e chamge in any of the
fruit. Out- gassing- in the packaged orange had negated the

effect of vacuum pack1ng

The non-packaged orange showed some evidence of shrivelling
within 5 days. Within a similar time period, cut-gassing had
negated the vacuum in the .packaged apple. ' There were no other

ﬁisib1e changes in the sampies'ét this stage of the test.
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At the 7th. day, the packaged orange ‘had brown spota on the

. skin. The apples showed no v1S1b1e change.

The chamber was openedf%nd the test samp?es were removed after

13 days.

" The packaged orange was very discolored with brown spots over

.50 percent of its surface. The non-packaged orange was dehydratec

.- -

and shrivelled.

The non-packaged apple showed no change. It was firm and there
was no. d1sco]orat10n The - packaged apple a1so showed very 11tt1e
‘change. Its: color was- s11ght1y darker but was f1rm and free of

spots and brown1ng

The package containing the orange was open at a heat seal and
one seal on the acp1e package was weakened. Thia was caused by
the excessive gas pressurz produced by the me tabolically

L4

‘active fruit.

The apples were eva1uated by a techn1ca1 pane1 . The oranges
were unacceptab1e and hence were not tasted. The packaged
~apple had a h1gh1y aromat1c flavorc The non-packaged apple

had a fresher taste and the "app]e“‘flavor was noc as
pronounced.ﬁThis difference in flavor appeared to be a function
of packaging. The package retained the yo]atﬁ]e constituenta R
creating an atmosphere different from that of the non-packaged
apple. Thfs flavor difference ehoqu be evaluated furcher to

assess the advisability of packaging apples for filight.



Summary of Results ' .

“1... Fresh fruit is not stable under high vacuum conditions.

2._.Changing the pressure to ° psia'daes not. change the 
J - shelf-1ife of fruit when other conditions remain consfant.
l3f lncreaééd storage tempe%atdre déc%eases the stability of
fresh fruit. | S |
4. An oxygen rich'atmosphere doéﬁ ngﬁ alter the shelf-1ife
" of apples within a.2-week period. . . .
5. Oranges, bananas‘and Rome Beauty apples aré not suitable
for spacecraft feeding. o
6. Delicious apples are compatible with the sba;ecfaft
environment and ﬁay be stored for at least 7 days under
spacecraft ﬁonditions. | )
7. Packagiﬁg appltes in a high bafrier materfa1 may adverse1y

_affect_the'acceptabiliﬁy over long periods of sforage.

.Orénges-and bahanas_aré-not sﬁitab]e for spacecraft feeding.
Excessive out-gassing‘and‘an extremely short she1f~1ffe 1jhit

) theif utilization. ~Apﬁles are much more stable and test resulis
-indicaté that Delicious apples could be stored under present
spacecraft conditions for at least 7 days. Shelf-1ife could

be ‘extended with lower storage tempe}atures.

The stability of all fresh fruit appears to be limited when
packaged under a hard vacuum. This condition, however, may
be-related to the fﬁnctional properties of backaging'materials

and the resbiration rate of fruit.
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The packag1ng materials used had extremely low gas and water

vapor transm1ss1on rates.,. The d15c010rat1on and snften1ng

: of packaged apoles was probab1y caused by an excess1ve amount

| of carbon dioxide reta1ned 1n the package Other 1nvest1gat1ons

indicate that a h1?h 1eLe1 of carbon dioxide may have a

detr1menta1 effect on. apple qua11ty and appearance

Before app1es are approved for spacecraft feed1ng, add1t10na1

tests should be condutted w1th 1ow barr1er packaging materials
such as .polyethylene or po]ystyrene.‘ The materials will allow
gases to escape and the atmosphere within the package would

not become saturated with carbon dioxide.

Production Guides .

_ProductiOnfguides were documented for-several food products

which were deve]oped during the ‘Apollo Program Table 48

. includes the number and t1t1e of each .production gu1de

Production guides are'1nc1uded in Supplement 1 of this report.

-

© Food Stabi]izationEStudy

Apollo food packageé-were currenﬁ]y treated with 8-guinolinol

sul fate afterithe cpntehts had been consumed to prevent

microbial growth and subsequent odor and gas production.

Treatment was accomplished by the addition of one gram of

8-quinolinol sulfate in pill-form into the food package

. immediately after consumption. Food waste from the

Mobile Quarantine Facility was also treated with powdered
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xﬁ—QUinOIino] sulfate and sealed 1in double po1yethy]ené bags
~and stored for the duration of the quaranfine period. The
moisture in the food residue was utilized to dissS]ve the

8-gquinolinol sulfate.

Physical examination of returned f]ight*food packageé

. revealed Qery ]itt]e evidénce of putrefaction. However, the

'odor of 8-quinolinol sulfate can mask many disagreeab]e;odors

and wmold growih Was‘e#ident'dn\many of the returned food |
packages from:BOth the spacecréft'and'the Mobile Quarantine Facili
An experiment was designed to compare the relative antimicrobial

effectiveness of 8-qUino1ino1_squate and benzalkonium chloride

in food in residual food.

Rehydrafab]e f{ighf food items were utitized to compare the

2 compounds. "Banaha pudding, cﬁjcken salad and Cocoa'were
paékaged_in f]ight'foﬁd packages,by a contf&ttor and, therefol
had complied with the microbiological specifications for space
food. Orange drink (Tang) and non-fat dry milk were packaged
 in the }abbratory'in packages fabricated from polyethylene-mylar-
a??arrpOTyethy1ene Taminate. A§eptic techniqhes were not
followed while packaéing the orange drink and the non-fat

dfy milk. Tne antimicrobial ageﬁts, 8-quino]jn01 sulfate and
quaternary ammonium compounds were added to the dry food prior
to rehydration. The 8-quinolinol sulfate was purchased from

Baker Chemical Company and the quaternary ammonium compound
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“was supp11ed by Econom1cs Laboratory, Inc. The quaternary
Hammonjgm compound, 50 percent act1ve alkyl dimethy!l benzyl
iaﬁﬁonium ch]ofide,,was prepared,for th1s.study. The spec1a11y
prepared quaternary ammonium compound bossessed the following
lgroperties1 1) compatib1e with non-iqnic surface active agehts,
.2).freely soluble in wéter, and 3) odorless in the powdered

fdrm as well as in solution. The antimicrobial agents were
'added'to the dry food through the feeding fﬁbe at the
following concentratiéns: 0.1, 0:5; 2; 31and-4 percen{.

The concehtrétion was based,upon'the total weight of rehydrated
food- Ster11e distilled water was added through the feed1ng tube
to rehydrate the food and ant1m1cr0b1a] agent mixture. Two food
packages were prepared at each. concentrat1on for each microbial
agent., One set was incubated at 35°C, while the other was stored
-at room temperaturé. One pacﬁage pf each food which did not

contain antimicrobial agent was stored at the same conditions

to serve as a control.

fTHe_pH of the Eonfro1s was measured immediately after rehydration.
_A michbfoiﬁgjcal éna]ysis of each package was conducted at th2
following intervals: 0, 5, 15,'30; and 60 days. Eleven gram
.sgmple aiiquots wefé-withdrawn thﬁoygh the mouthpiece and
transferred to 99 ml of buffered distilled water. Total
-aerobic count, total coliform, and total yeast and mold counts
were performed in-accordance with the Standard "Methods for

the Exam1nat1on of Da1ry Products Analysis for total coliform
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~and yeast and mold were plated at d11ut10ns of 1 1 and 10 1.

Tota] aerob1c counts were p]ated at 4 d}lut1ons Initial
samp1es were plated at 10 ]. 10“ ,“10 3, and 10 4.'.'Subsequent
samples were pldtéd at pigher dilutions based upon the previous

count.

This study was completed and data-reported in a technical

‘manuscript {see Appendix E).

Sensorv Evaluation of Food Samples

A ]arge;number of food samples {900) were'eva1uatad by taste
panels. Food samples evaluated inc]udéd food items from the
Apollo Food System, samples submitted by industrial fooq_

companies, and produhts‘derived from product development.

A technftaliy!trained‘panel usually performed preliminary
éva]uations_on all samples sﬁbhitted.-‘Members of.the
téqhhica] panel Qeré selected on the:basis of triéhQ]e
-testing technigs. {Subséquent to this eva1uation,lsamp1és
wefe evaluated by.a larger non—techﬁica] panel and included

male and female partibipants. Participants recorded preferences

on a 9-point hedonic scale.

Another tasté panel was composed of the astrbnauts-designated
as flight creﬁmembers, Preferences were recorded on a

.9-point hedonic scale.
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‘2.10 New Food Products Introduced into the Apollo Food System

Several new food products were iqtroduced into the Apollo
Food System durihg‘the contract peridd :Qualification and
A'spacecraft compat1b111ty tests were performed for many of
these products.; New products 1nc]uded°u freeze-dried scramb]%d eg
beef and gravy (wet pack, meatballs (wet pack), chocolate bar,
chocolate and caramel sticks, orangé juice crystals,
‘cream of tomato soup,- JelTy, peanut butter, mustard catSup,

\
pecans, chicken and rice soup, cranberry orange relish, beef jerky

’1obster bisque, peach ambros1a; spiced ogt cereal, thermostabilize
mixed fruit, thermoétabi1ized peaches, vaniila pudding, jemon
pudaing, romaine soup, crab mushroom soup, cheddar cheeée spread,
frozen séndwiches, bread, ham séndwich spread, tuna sandwich
spread, chicken sandwich spréad;rhamburger'(wet pack), 1emonad%,
tea, turkey and grévy (wet pack), beef‘and.potafoes (wet pack),

“ham and potatoes (wet pack), frankfurters (wet pack), fruitcakL,

potass1um supplemented beverages, dried apr1cots, dried peach# s

dried pears, instant gr1ts,_ham (wet pack), and ham (irradiated).
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Caloric Expend1tures for the Apo]]o F11ghts

A comparison of the mean‘dai1y ca]oric expenditures of

Apo]lo crews 7 through 12 ca1cu1ated from carbon dioxide data
co]lected during flight, average daily calor1c 1ntake, and
tptaT WEIth losses in-flight is presented in Tab]e 49, Mean
calculated daiﬁy expenditures ranged from 2050 to 2752 calories

as compafed with mean daily intékes ranging from 1501 to 1988

“calories for the various Apollo missions. The mean expenditure:

f(carbon dioxide data) for the Apollo -missions was found to be

2357 calories per day. This is in agreement with earlier

~simulation studies which predicted the daily caloric need

during flight to be from 2000 to 2500.

From a regression coefficient cbhputéd from flight data, it

'was found that at an intake of 2357 calories per day total

weight 1osses would average 4.1 pounds per person It was also

"pred1cted that for zero weight 1055 an average of 3459 ca1or1es

- per day shou1d be consumed.

-

It has,been,specuTaﬁed that the discrepancy between the figures

- determined from simulation studies and the values predicted

from flight data may be due to an inherent factor in the space

environment which leads to a redistribution and Toss of body

“water resulting in weight loss. It is also a possibility that'

the actual caloric consumption of the astronauts has been

over-estimated since food from packages not returned to the

Food and Nutrition Laboratory jb assumed fo'have been entirely

consumed.



é?ﬁ%f_ Freeze-Dried Chicken Muscle

’2712*i::gipid Eypariment

SR

‘An.eXp@rﬁﬁmnt uti]iziﬁg ffeeze-driea-thickeh muscle was initfate&
to investigate lipid chemistry'of a ffeeze—dried system. The
£ota1 lipid content, fatty ac{d compqsitiqn of the totai lipid
fraction, fatty acid composition of the neutral and phosphotlipid

- fractions was performed dn‘experimental samples.

-

 Freeze-dried chicken muscle, whiéh had been cooked to an internal
temperature of 8?;8°C, was packaged and $tored at 3 temperatures
4.4°, 22.2°, and 37.8°C): Lipid analyses Qere performed at the en
of 3, 6, and 12 months. | ' o

Data from the chicken muscle sto}agé study'revea]ed 2 unknown
compounds which persistent1yrappeared in the GLC chromatograms.
Identifiéatfon.of_these_cpmpDUn&s was essential for interpretation
of.the data. The 2 unknown compdunds were isolated froﬁ the
phéspho1ipid-fractfon and identified via GLC retentioﬁ time
andvinfra-red spectra. These §om§0unds have been‘reported to

_  be pre&énf‘in,chicken lipid by other researchers, but have
always been referred to‘as'unknbﬁn‘c~15 and C-17. They usﬁa]ly
appear in trace amdunts, which probably acéounts*for their

unknown identity.



2.12.2

Iso]atlon of the unknown compounds was accomp11shed by trapping‘
the eff]vaw%rfrom the sp11tter on the GLC coTumn 1nto cold '
chlorofi:m. The chioroform wa§~dr1ed onto & KBr pellet for the
in%ra-roo studies. Twenty to 30 GLC injections were reouired

in order to obtain sufficient -unknown for evaluation. The
infra—red'spectra and the GLC retention time of the‘C-15
compound was identical to palmitaidehyde dﬁhethy1 acetal.
Infra-red spectra'and:retedtion time from the C-17 coﬁppuhd

was identical to stear&]déhyde dimethy]-aoetal. These findings
were reported as a research note in PoulfryAScienae.(see

Appendix-F.

Amino Acid Exoerimeot

The occurrence of nonenzymatic browning haszbeen observed in
freeze-dried foods. The chemital reactions invo]véd in this
phenomenon havé not been compiefe]j elucidated. One hypbthesis
is that aldehydes or simi1ar cohoounds react with nitrogen
compounds such as amino acids tokform tﬁe brown pigment.

-

Epsilon amino groups on lysine and similar compounds are

- particu]af]y labile. When 1ysine, an essential amino acid,

is - involved in th1s react1on it becomes unava11able for human
utilization. The nutr1t1ona1 implications are evident. Lys1ne,_
with a free epsilon amino group, is also required for effective

action of the enzyme trypsin.
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Since many of the space foods are freeze-dried and the length
of_spdce missions are increasing, nonenzymatic bfowning becomgé
lan importantuconsideration;' The amino acid content of_these
foods also become crit%pal. An experimént wés'designed to |

investigate lysine avai]ébi]ity and amino acid content with

respect to storage environment and length of storage:.

Muscle samples, thigh'qﬁd breast, wefe used in the investigation.
Control samples weré;obtainéd from rawﬁmusc1e5 and cgoked muscle
(préfreezihg, postfreezing aﬁd postfreeze-dryiﬁg). The cooked
samples were heated to an internal breast temperature of 87.8°C.
Sampfes were fro;en at —9!4°,'-1QD°. ahd -196°C. Two types of
packaging materials, a-laminate ofVpo]yethy1ene—ac1ar«mylar-
po]yethy]ene_and Safanéx {a co;extruSion of polyethylene-saran-
po]yethy}ene) werékused to package the samples which were Stdred

for 3, 6, and 12 months at 4.4°, 22.2°, and 37.8°C.

At the termination of each storage period, the following. analyses
were conducted; amino acid anaTysis, lysine availability,
and pigment measurements. Data -are being reviewed and a

manuscript is in preparation.

.13 - Food M1crob1o1ogy

-

A 1arge quant1ty of Apollo food samples were ana1yzed by the

Microbiology Laboratory during the contract period. A1l of
- these samples were assayed in accordance with Addendum 1€,

"Microbiological Requirements of Space Food Prototypes;ﬂ

U.S. Army Natick Laboratories.
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2.14 Am1no Acid Ana]ys1s

Several Apo]lo food items have been ana1y2ed for amino acid
tomposition in conaunct1on with a storagq.study conducted by
the U.S} Arhy Nat%ck Labofatories,'Natick, Massachusetts.

Statistical analyses are being performed on the amino acid daﬂa.

2.15 1Ingested Peroxide Study

i

Liver and t1ssue ‘samples subm1tted under Contract NAS 8- 108264
"Metabo11sm of Ingested Peroxides" were ana1yzed chemically.
L1p1d was quantitatively extr;cted from liver samples and

| analyzed for cho]esterol content and fatty ac1d composition.
Total hepatic 1ipids were fractionated into neutral and
phospholipids via column chromatbgraphy. Fatty acid profiles
were.sﬁbsequent1y determined fof.both fractions. Light énd

dark muscle samples were analyzed for amino acid composition.

2;]6. F]exiﬁ?e Packéging Materials
| Si@ce flexible packaging materials were used extensive]y in
the Apollo Foo? System, available materials were investigated
to determine applicability. This information wasAdsed as
gva]uatfdn-design'criteria for flexible packages in the
. App1]o Food System._'F1exibTe péckéging materﬁaIs may be
categorized in a variety of ways, but from the standpoint of
application the most useful classification is one by propert{es;
The most impbrtant properties are generally considered to be
‘the following: 1) water vapor and gas barrier, 2) heat sealabilit

3) impact strenath. 4) tensile 'strength, and 5) tear strength.
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Water vapor and gas barrier films s .

“ A film from this catégory‘is usually chosen for an
”applicatidn which reduires a paCkage.with a_]bw

~transmission rate. Examples of this category‘are as

follows:

"a. Polyvinylidene/Polyvinyl Chloride Copolymer {Saran)

'This material is one of the best gas barrier materials
énﬂ also ap_e;cei]ent water vapor Earrier, Saran is
difficult to seal, howevéﬁ,'and'if_usua11y requ%res a
heat sealable coating if it is ta be formed into a

bag or pouch.

" b.  Fluorohalocarbon Fé]m (Aciar)

- Aclar is oné of the.best water vapor barriers and is
a good gas bérrier. "It is ektreme]y difficult tq
seal aﬁd is usually ugéq only in laminates with other
materia]s. | i o
§.|'P01yester (Mylar) ’
Although it is usually used because of its ekceijent
N strength chﬁfa;téristics, polyester is also a good gas
'aﬁd water vapor barriern. Polyester must also be coated

to effect a good heat seal,

Heat Sealability
Many materials are heat sealable. This characteristic is

a basic requirement for the formation of bags and pouches.

" Some of the better sealing materials are as follows:
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a. P01yethy1ene.(L0w Density) ”"-.j -
| Low dens1ty po]yethy]ene is used where good Tow
temperature heat seals are requ1redt_ Seals w1th.this
‘materiallare usually as strong or stronger than the
materia]from which they are-fdrmed. |
b. Ionomer (Surylan A)
Ionomer films are ré]ative]y-new in packaging. This
mater1a1 ‘has .a w1der range of heat sea1 temperatures
“and is 2 sl1ght]y better barr1er than polyethylene.
Ionomer heat seals have excellent strength and
_conéistency. ;4 |
¢. Polyvinyl Chloride
Po1yv1ny1 ch]or1de has a h]gher sealing range than
'po1yethy1ene or ionomer and is used where the package
:15 subJected to h1gh use temperatures. As w1th the
f1rst 2 examples, po1yv1ny1 chloride seals have-
exce]lent strength character1st1cs
Impact Strength '
'Impactastrength is important if a package is subjected
"to ‘rough hand1ing.'_50me of the films Qith aood impact
strength are: |
g."Po?ycarbonate Film
Polycarbonate film has the highest 1mpact strength
of any film available. This material is used for
high strength thermoformed blister packs and for steaﬁ
.steri1fzab1e packagest‘ Aérweli as having high impact
strength,'po]ycarbonaté a1sb has a high maximum use
temperature and excellent chemical resistance.
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Po]yester (Mylar)-

" As stated prev1ous1y,_th1s mater1a] combines h1gh

barrier properties as we]1 as hlgh strength propert1es

Its 1mpact strength is not as h1gh as polycarbonate but

its other characteristics make it more generally useful

aS a packaging film.

. ‘Po]yurethane

| Po1yurethqne hﬁs'genera11y good.stféngth properties.

As well as high impact strergth, polyurethane has high
tear and tensile strength. This material can be used
unsupported. Po]yurethane-heat seals between 300° and

375°F.

Tensile-Strength

Tensile strength'is a pfOperty required in a package which

will be subjected to high stress and rough handling. A

package which will be. subjected to heavy loads reguires

a mater1a1 with high tens11e strength to prevent rupture

of the package

a.

Polyester (My]ar)

- Polyester has a very high tensile strength rating. This

characteristic éoupied with its other properties makes

it one of the best films for applications regquiring

good strength properties.
Polypropy]ene, Biaxially OrTented

Po]ypropy]ene has high tens11e strength and good water

- vapor barrier propert1es."Th1s mater1a1 is used where

" strength is required in a low cost material.
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c. Nylon, 7.' o B A
| Ny]on is usua]]y cons1dered where strength is a
factor 1n the packag1ng dec131on It has good tensile
strength, good high and low temperature character1st1cs,
_ and fa1r1y good barr1er propert1es |
5..;Tear Strength |
| Tear strengtﬁ_is measured in-2.ways. Usually a matefié]'s
1nitfa]'tear rggi;taﬁca and the amount.of energy required
to continue a tear are considéred. )
d8. Polyurethane - | .
Polyurethane hés‘extreme]y good initial tear resistance.
Once the tear is sfarted,'howevér, itrrequireé less force
"~ to confinue-the tear, -
b. Po1ycarbonaté
'_As w1th 1mpact strength polycarbonate fénks very high
'1n tear resistance. . | |
"’c._ Polyvinyl Fluoride
Polyvinyl fluoride has very good tear strength as well
~as a generally high rating in the other strength
'p;operties. This material is quite expensive and is
not approved by fﬂe Food and'Drug'Administration for
food use. These factors limit its use.
The propérties considered above are only a few of the factors
- invelved in choosing a packaging film. Some épecial applications

require a material with special properties not listed here.



2.

2.

2.

17

18

19

-incurred wi th unsupported material are quite often DVercome

“by using a laminate. By comb1n1ng Tayers of d1ss1m1]ar

in a package. The

There is no perfect packag1ng film. Each mater1a] has a

d1sadvantage to 1ts un1versa1 use in packag1ng The problems

rmater1a1s, one caw bu1id the combunat1on of propert1es required

1mproved techno]ogy of laminating films has

done much toward prOV1d1ng the optimum material for many

_‘d1ff1cu1t packag1ng prob]ems

Kinetics of Lirid Oxidation in Freezeédried Foods

An investigation was initiated to study the kinetics'of-lipid

“oxidation in freeze-dried foods. . Several gases - hydrogen,

nitrogen, xenon, neon, argon, krypton, helium, ammonia, and

oxygen - were used to breakrthe'chamber vacuum. Oxidation rates

were estab]ished for these compounds This project is still

‘active and w117 be comp]eted under Contract NAS 9- 13291

Flight Food Production and Packaging

_ Several food items“were'produced and/or packaged for the
’ Apollo m1ss1ons at’ the Manned Spacecraft Center, Houston, Texas.

“Items 1nc1uded bread frozen sandwiches, pecans, in-suit food bars

freeze-dried soups, potassjum—fortifiéd beverages, beef Jjerky,

mixed fruit, diced peaches, and‘puddings.

Apo]lo M1ss1on Support

. Apollo mission support was prOV1ded preflight at KSC and

postf]1ght on the recovery sh1p For Apo]]o 16 and 17, personne]
ass1sted in food preparat1on, res1dua1 food collection, and

collection of urine and fecal samples during the preflight period.
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2.

20

Postflight suppprt'wés prov%dedmoh the_récovery.ship for

~ Apollo 12, 13, and 16. Support functions were similar to

‘those delineated for'preflighf.

Analvsis of AooiloEFeca1'Samn1es
1

~Apollo fecal samples. (pref11ght, in-flight and postf]ught)

were analyzed for fatty ac1d,_crude fiber, lipid, mo1sture,

-mineral (ca]c1um. phosphorus, pOtaSSTum, sod1um,.magne51um,

ch10r1de) and ca10r1c content These ana]yses were performed

‘under Contract NAS 9- 11843'”Sky1ab Food Test and Integrat1on

and results reported in Month]y and Quarterly Renorts entitled

”Feca] Mater1a1 Ana]ys1s
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TABLE 1. APOLLO 7 (SCHIRRA, CDR)

DAY 1 DAY 2 o DAY 3 . DAY 4

MEAL A - = MEAL A MEAL A - - OMEAL A
Peaches (R} ~ Applesauce (R) ? - Fruit Cocktail (R) Canad1an Bacon and
Bacon Squares (8) Sausage Patties (R) Bacon Squares ({8) Applesauce (R}
Cinnamon Toasted Bread Apricot Cereal Cubes (8) Cinnamon Toasted Bread Strawberry Cereal Cubes (8)
- Cubes (8) Breakfast Drink (R)- Cubes (8) Cinnamon Toasted Bread
Breakfast Drink (R) ‘ : Cocoa {R) _ . Cubes (8) :
' . | o Breakfast Drink (R)  Breakfast Drink (R)
- (talories 500)  (Calories 595) = (Calories 669) (Calories 611)
MEAL B - N MEAE'B . MEAL B - | MEAL B
Corn Chowder (R) Tuna Salad (RJ " Beef Pot Roast (ﬁ). ) Pea Soup (R)
Chicken Sandwiches (6). C1nnamon Toasted Bread Sugar Cookies (8) Salmon Salad (R)
Beef Stew Bites (8) ‘Cubes (8) Butterscotch Pudding(R) Cheese Sandwiches (6)
Sugar Cookies (8) .Chocolate Pudding {R}  Breakfast Drink (R) Grapefruit Drink (R}
Orange Drink (R) ‘Breagfgst_Drink'?R)‘; ‘ : - Breakfast Drink (R)
Breakfast-Drink (R) . _ | : o | , B
- (Calories 809) | : .(Ca1orfés 895) . (Cé}ories 665) (Ca]origs.756)'
MEAL C | MEAL C - MEAL C .. . MEAL T
Beef and Gravy (R) Spaghetti w/Meat o Potatd Soup (R) Shrimp Cocktail (R)
Brownies (8) Sauce {R) : Chicken Salad (R) Chicken and Gravy (R)
Chocolate Pudding (R) . Beef Bites (8) - . “Barbecue Beef Bites {8) Cinnamon Toasted Bread
Grapefruit Drink (R) Banana Pudding (R) Gingerbread (8) - Cubes (8)
Pineapple Fruitcake (6) Grapefruit Drink (R) Date Fruitcake (6)
Pineapple-Grapefryit , ‘ Pineapple-Grapefruit
Drink (R) o ' _ ‘ Drink (R) .
(Calories 917) | (Calories 915) (Canrjes 975) . (calories 965)
Total ' Totad : Total ' Total

Calories 2226 | Caluries 2408 Calories 2309 - Calories 2332



DAY 1
MEAL A

. Peaches (R)

Bacon Squares (8) - -
Cinnamon Tecasted Bread

Cubes (8)

“Grapefruit Drink (R)

(Calories 696)

MEAL B

Cream of Chicken
Soup (R)

Chicken Sandwiches {6)
Beef Sandwiches (8)

Sugar Cookies (8)

‘Chocolate Pudding (R)
Pineapple- Grapefru1t

Drink (R)
(Calories 1020)

MEAL C

Beef and Gravy (

R)
Beef Stew Bites (?)
8

Cinnamon Toast (
Brownies {8)
Orange-Grapefruit
Crink (R)
(Calories 788)

Total
Calories 2504

(CUNNINGHAM,

TABLE 2. APOLLO 7 LMP)
DAY 2 | DAY 3
MEAL A MEAL A

Applesauce (R)
Beef Hash (R)
Cinnamon Toast (8)
Apricot Cereal Cubes (8)
Grapefruit Drink (R)

(Calories 786)

MEAL B

"Tuna Salad (R)
Beef Sandwiches (8)
Cinnamon Toast (8)
Butterscotch Pudding (R)
Pineapple-Grapefruit

"~ Drink (R)

(Calories 846)

MEAL C

Beef and Vegetables {
Barbecued Beef Bites
Cinnamon Toasted Brea

Cubas (8)

Banana Pudding (R)
Orange Drink ?P)

(Calories 897)

Total

R)
(8)
d

“Calories 2829

Fruit Cocktail (R)
Bacon Squares (8)
Cinnamon Toast (8)
Orange Drink (R)

(Calories 500) -

MEAL B

Corn Chowder (R).

Barbecued Beef
Bites (8)

Cinnamon Toasted
Bread Cubes -(8)

Chocolate Pudding(R)

Orange- Grapefru1t

" Drink (R)

(CaTories 1060)

"MEAL C--
Chicken Satad (R

Cinnamon Toast (
Pineapple
Fruitcake (6)
Orange-Grapefruit
Drink (R) .
(Calories 912)
Total _
Calories 2472

\ DAY 4 |

‘ M._.E_A.I_‘__ﬂ '//'
‘ s

Canadian Bacon and

Applesauce (R)
Cinnamon Toast (8)
Apricot Cereal Cubes (8)
Pineapple-Grapefruit Drink (R)

(Calokies 611)

MEAL B

Salmon Satad "

Beef Sandwiches (8)

Cinnamon Toasted Bread Cubes (&
Gingerbread {8)

- Cocoa (R)

(Calories 1017)

MEAL €

‘ )  Creamed Chicken Bites (8)
Beef Sandwiches (?)
8

Chicken and Gravy (R)
Toasted Bread Cubes (8)
Date Fruitcake (6)
Orange Drink (R)

(Calories 8§7)

Total

e Calories—2465 T



/

TABLE 3. APOLLO 7 (EISELE, cHP) | |
DAY 1 DAY 2 | DAY 3 | " . DAY 4

MEAL A B MEAL A - | MEAL A ° - MEAL A
Peaches (R) : ~ Applesauce (R) . Fruit Cocktail (R) »:Canadian Bacon and
- Corn Flakes (R) ‘ Bacon Squares (8) Sausage Patties (R) . - Applesauce (R)
Bacon Squares. (8) Cinnamon Toasted Bread Apricot Cereal Cubes (8) Apricot Cereal Cubes (8)
Toasted Bread Cubes (8) Cubes (8) Cocoa (R) Sugar Frosted Flakes (R)
Grapefruit Drink (R) Orange Drink (R) -~ - Breakfast Drink (R) - Pineapple-Grapefruit-
Breakfast Drink (R ) Breakfast Drink (R). y ' Drink (R)
. - : . - Breakfast DOrink (R)
(Calories 813) - (Calories 700) . (CaToriesr 710) (Calories 660)
MEAL B . MEAL B o MEAL B N MEAL B
Cream of Chicken Soup {R) Salmon Salad (R) ' Canadian Bacon and® - Pea Soup (R) .
Chicken and Vegetables (R) Butterscotch Pudding{R) - Applesauce (R) ~ Salimon Salad (R)

.Sugar Cookies (8) Vanilla Ice Cream (8) Beef Pot Roast (R) ~ ~  Turkey Bites (8) '
Chocolate Pudding (R) Grapefruit Drink (R} Sugar Cookies (8) Cheese Sandwiches (6)
Orange-Grapefruit , : Butterscotch Pudd1ng (R) Grapefruit Drink (R)-

Drink (R) _ - o Cocoa (R) e
(Calories 913)  _ (Calories 963) ~ (Calories 967) , (Calories 852)
MEAL C o MEAL C . o MEALC T - MEAL ¢
Chicken Salad {R) Beef Hash (R) | Potato Soup (R) - - ” Sausage Patties‘(R)

" Beef and Gravy {(R) | Chicken and Gravy (R) Beef and Gravy (R) - Cinnamon Toasted Bread
Date Fruitcake (4) Cinnamon Toasted Bread Creamed Chicken Cubes (8) .
Cocoa (R) . Cubes (8) . Bites (8) SR Date Fruitcake (6)

‘ S .- Pineapple Fruitcake (4) Cinnamon Toasted ©. Grapefruit Drink (R)
Grapefruit Drink (R) Bread Cubes {8) :
: Pineapple-Grapefruit
o | - Drink (R} . o
{Calories 788) . : (Calories 892) {Calories 832) . (Calories 991)
Total Total | Total  Total

Calories 2514 Calories 2555 Calorfes 2509 ~ Calories 2503



MEAL

2A

TABLE 4.

DAY 1%, 5, 9

Peaches |
Bacon Sgquares (8)

" Cinnamon Toasted

Bread Cubes (8)
Grapefruit Drink -

Corn Chowder

Chicken and Gravy
Toasted Bread Cubesiﬁ)
Sugar Cookie Cubes {6)

- Cocoa

Orange Drink

Beef and Gravy

Beef Sandwiches (4)

Cheese-Cracker
Cubes (8)

Chocotate Pudding

Orange=Grapefruit
Drink

Day 1 consists of Meals B and C only; Day 12 cons1sts of Meal A on]y.

APOLLO 8 (BORMAN, CDR; ANDERS, LMP;

DAY 2, 6, 10

- Canadian Bacon and

Applesauce
Sugar Coated Corn Flakes
Apricot Cereal Cubes (8)
Grapefruit Drink
Orange Drink

Tuna Salad

Chicken and Vegetab?es

Cinnamon Toasted Bread -
Cubes (8)

Pineapple Fruitcake (4}

Pineapple-Grapefruit

" Drink

Spaghetti and Meat Sauce
Beef Bites (6)

Bacon Squares (6)

Banana Pudding

. Grapefruit Drink -

DAY 3, 7. 1]

Fruit Cocktail
Bacon Squares (8)
Cinnamon Toasted

Bread Cubes (8)

Cocoa
Orange Drink

Cream of Chicken
Soup

"Beef Pot . Roast

Toasted Bread .
Cubes (8)

Butterscotch

Pudding

Grapefruit Drink

Potato Soup”
Chicken Salad .
Turkey Bites (6)°
Graham Cracker
Cubes (6).
Orange Drink

Each crewmember will be provided w1th a total of 33 meais.

1

AND LOVELL, CMP)

DAY 4 B‘ 12* \\

Canad1an Bacon and
“Applesauce b

-~ Toasted Bread Cubes (8)[

Strawberry Cerea]
Cubes (6)

Cocoa .

Orange Drink

Pea Soup ‘
Chicken and Gravy
Cheese Sandwiches {(6) -
Bacon Squares (6) '
Grapefruit Drink

Shrimp Cocktatl

Beef and Vegetables

Cinnamon Toasted Bread
Cubes (8)

Date Fruitcake (4)

" Orange-Grapefruit Drink



DAY 1*, 5, 9

Peaches

Bacon Squares (8)

Cinnamon Toasted
Bread Cubes (8)

Grapefruit Drink

Orange Drink. -

Salmon Salad
Chicken and Gravy

. TABLE 5.

£

APOLLO 9 (MC DIVITT, CDR)

DAY 2, 6, 10

Canadian Bacon and

Applesauce
Sugar Coated Corn F]akes
Brownies (8) ‘ _
Grapefruit Drink

Grape Drink S

" Tuna Salad :
Chicken and Vegetab1es -

Toasted Bread Cubes(6)Cinnamon Toasted Bread

Sugar Cookie Cubes‘(ﬁ)
,Cocoa '

" Beef and Gravy
Beef Sandwiches (4)
" Cheese-Cracker .

Cubes (8)
Chocolate Pudding
Orange-Grapefruit

Drink

“Cubes (8

Pineapple Fruit Cake (4)

Pineapple- Grapefru1t
Drink 5

'_Spagﬁetti and Meat Sauce
Beef Bites {(6)
Bacon Scuares (6)

Banana Fudding

Grapefruit Drink

Day 1 cons1sts of Mea?s B and C on1y.

Each crewmember will be prOV1ded with a total of 32 meals

7, 11

DAY 3,
Fruit Cocktail

- Bacon Squares (8)

Cinnamon Toasted .

Bread Cubes (8)‘_

Cocoa

“Orange Drink °

Cream of Ch1cken'

Soup

Beef Pot Roasf

Toasted Bread
Cubes (8)

Butterscotch Pudd1ng
- Grapefruit Drink

Beef Hash .
Chicken Salad
Turkey Bites (6)
Graham Cracker
Cubes ,(6)

“Orange Drink’

DAY 4, 8 °
Sausage Patties
Peaches o
Bacon Squares (8)
Cocoa

Grape Drink

Pea Soup ..

Chicken and Gravy
Cheese Sandwiches (6)
Bacon Squares (6)
Grapefruit Drink

Shrimp Cocktail
Beef and Vegetables
Cinnamon Toasted
Bread Cubes (8)
Date Fruitcake (4)

‘Orange-Grapefruit Drink



. Cinnamon Toasted

~ Grapefruit Drink

5, 9

DAY 1*,
Peaches
Bacon Sauares (8)

Bread Cubes (8)

Orange Drink

Salmon Salad

Chicken and Gravy
Toasted Bread Cubes {6)
Sugar Cookie Cubes (6)
Cocoa

Beef and Gravy
Beef Sandwiches (4)
Cheese-Cracker Cubes(B)
Chocolate Pudding
Orange-Grapefruit

Drink

Day 1 cons1sts of Meals
fach crewmember will be

TABLE 6.

LMP) .

-Spaghett1

DAY 2, 6, 10

"~ Canadian Bacon and

- Applesauce

~ Sygar Coated Corn Flakes

Brownies (8)

~ Grapefruit Drink

Grape Dr1nk

Tuna Sa]ad
Chicken and Vegetab1es
Cinnamon Toasted
Bread Cubes (8) :
Pineapple Fruitcake (4)
Pineapple- Grapefru1t
Brink

and Meat Sauce
Beef Bites (6)

Bacon Squares (6)

Banana Pudding

.Grapefruit Drink

B and C 0n1y

APOLLO 9 (SCHWEICKART,

DAY 3, 7, 11

Fruit Cocktail:
Bacon Squares (8}
Cinnamon Toasted

Bread Cubes (8)
Cocoa

" Orange DrinK

Cream of Ch1cken
Soup '

Beef Pot Reast

Toasted Bread’
Cubes (8)

- Butterscotch Pudd1ng

Grapefruit Drink

'Beef Hésh-;

Chicken Salad
Turkey Bites (6)
Graham Cracker
Cubes (6)
Orange Drink

provided with a tota1 of 32 meals.

DAY 4, 8

Sausage Patties

Peaches

Bacon Squares (8)
Cocoa
Grape Drink

Pea Soup

_Chicken and Gravy .

Cheese Sandwiches (6)
Bacon Squares (6)
Grapefruit Drink

Spaghetﬁi“ahd Meat Sauce
Beef and Vegetables

~ Cinnamon Toasted

Bread: Cubes (8)

Date Fruitcake (4)

Orange- Grapefruit Drink



5, 9

DAY 1%,

Peaches

Bacon Squares (8)

Cinnamon Toasted

Bread Cubes (8)

" Grapefruit Drink

Crange Drink

Saimon Salad
Chicken and Gravy

Toasted Bread Cubes(G)
Sugar Cookie Cubes (6)

Cocoa

Beef and Gravy

Beef Sandwiches (4).

Cheese-Cracker
Cubes (8)

Chocolate Pudding

Orange-Grapefruit
Drink~

TABLE 7.

APOLLO 9 (SCOTT,

CMP)

DAY 2, 6, 10

Canadian Bacon and
Applesauce.

. Sugar Coated Corn Flakes
"Brownies {8) '

Grapefruit Drink
Grape Drink -

4

Tuna Salad
Chicken and Vegetab1es
Cinnamon Toasted
Bread Cubes {8)
Pineapple Fruitcake (4}
Pineapple-Grapefruit
Drink

Spaghetti and Meat Sauce
Beef Bites (6)

Bacon Squares (6)

Banana Pudding
Grapefruit Drink

* Day 1 consists of Meals B and C only. ‘
Each crewmember will be provided w1th a tota] of 32 mea]s

DAY 3, 7, 11

Fruit Cocktail

Bacon  Squares (8)

Cinnamon Toasted
Bread Cubes (8)

Cocoa

Orange Drink

 Cream of Chicken.:

-Soup .
Beef Pot Roast -
Toasted Bread

Cubes - {8)

Butterscotch Pudd1ng

Grapefruit Drink

. Beef Hash

Chicken Salad';

Turkey Bites (6)

Graham Cracker
Cubes (6)
Orange Drink

.\ )

DAY 4, 8'} | !
bay 4, 8.1 1.

Sausage Patties
Peaches .
Bacon Squares (8)
Cocoa )
Grape Dr1nk b

iy

Pea Soup

. Chicken and. Gravy

Cheese Sandwiches. (6)
Bacon Squares (6)
Grapefruit Drink .

" Shrimp Cocktail . .
‘Beef and Vegetables

Cinnamon Toasted
Bread Cubes (8)
Date Fruitcake (4)
Orange-Grapefruit Drink



'TABLE 8. APOLLO 9§ LM MENU -

DAY 1 ,
. I

- Chicken and lravy

. Butterscotch Pudding
Sugar Cookie Cubes (6)
.Orange-Pineapple Dr1nk
‘Grape Drink

MEAL A

MEAL B

Chicken Salad
-Beef Sandwichés (
‘Date Fruitcake (4

Chocolate Pudding

Orange Drink

6)
)

MEAL C -

Beef Hash

Bacon Squares (8)
Strawberry Cereal Cubes. {(6)
Pineapple- Grapefru1t Drink
Grape Drink :

-

|
i
!

. 2 man- davs are required
2 meals per overwrap



- TABLE 9. APOLLO 10 (STAFFORD, CDR).

EAL DAY 1*, 5,9 . DAY 2,6, 10 . ‘DAY.3, 7,11 - DAY,

........-_‘L......

Peaches . Fruit Cocktail Peaches . Fruit Cockta1l
Bacon Squares Sugar Coated Corn Flakes - Bacon Squares {8} =~ Sausage Patties
Cinnamon Toasted . Bacon Squares (8) ~ Strawberry Cubes (4) Bacon Squares (8)

Bread Cubes (4) - Grapefruit Drink Cocoa _ Cocoa . ¥
Grapefruit Drink Grape Drink , . Orange Drink . Grape Dr1ni
Orange Drink < : .
‘Salmon Salad Potato Soup ' Cream of Chickeén Soup Potato Soup |
Chicken and Rice** Chicken and Vegetabies . {Turkey and Gravy- Pork and Scalloped
Sugar Cookie Cubes{4) Tuna Salad ' Wet Pack) | Potatoes** .
Cocoa Pineapple Fruitcake (4)  Butterscotch Pudd1ng Applesauce
Grape Punch Orange  Drink = Brownies (4) . QOrange Drink.

: ' Grapefruit Dr1nk : -

(Beef and Potatoes- - Spaghetti and Meat Sauce** Pea Soup . Shrimp Cocktail

Wet Pack) (Ham and Potatoes-Wet Pack) Beef Stew** . - Chicken Stew**
Cheese Cracker -Banana Pudding - - Chicken Salad - Turkey Bites (4)

Cubes (4) Pineapple- Grapefru1t Drink Chocolate Cubes (4) Date Fruitcake (4)
Chocolate Pudding: Grape Punch _ Orange-Grapefruit Drink
Orange-Grapefruit : : ' . -

Drink - | S -

* Day 1 -consists of Meal C only.
** New Spoon-Bowl package.



- MEAL

x>

DAY 14, 5, 9

Peaches

Bacon Squares (8)

Cinnamon Toasted
Bread Cubes (4)

Grapefruit Drink

~Orange Orink

Salmon Satlad

Chicken and Rice**:

Sugar Cookie
Cubes (4}

Cocoa

Grape Punch

‘{Beef and Potatoes-

Wet Pack)
Cheese Cracker
~Cubes (4)
Chocolate Pudding
Orange-Grapefruit

Drink

TABLE 10.

v

APOLLO 10 (YOUNG, CMP)_
DAY 2, 6, 10 DAY 3, 7, 11
Fruit Cocktail Peachas

Sugar Coated Corn F?akes

Brownies (4)
Grapefruit Drink
Grape Drink :

3

.Potato Soup.
Tuna Satad

Chicken and Vegetab1es
Pineapple Fruitcake (4)
Pineapple- Grapefru1t

Orink

Spaghett1 and Meat

Sauce**

Banana Pudding
Orange Drink

* Day 1 consists of Meal C onTy.

** New Spoon-Bowl

"package.

Bacon Squares (8)

Strawberry Cubes (4)

Cocoa
Orange Drink

Cream of Chicken Souﬁ

(Turkey and Gravy-
Wet Pack) - -

" Butterscotch Pudd1ng

Grapefru1t Dr1nk

Beef Stéw**
-Chicken Salad

,(Ham and Potatdes—wet Pack)Corn Chowder
' Chocoiate Cubes- (4)

Grape Punch

. .

DAY 4, 8

Fruit Cocktail
Sausage Patties

Bacon Squares -(8)
Cocoa .

. Grape Drink

Pea Soup

Pork and Sca]loped Potatces*

Applesauce
Orange -Drink

Shrimp Cocktail ,
Chicken Stew**
Turkey Bites (4)

Date Fruitcake (4)
Orange-Grapefruit Drink



< MEAL

A .

DAY 1*, 5, 9

Peacﬁes :
‘Bacon Squares (8)

Cinnamon Toasted

Rread Cubes {4)

'Orange Drink
Orange-Pineapple Drink

. Salmon Salad

Chicken and Rice**

Sugar Cookie Cubes (4)

Cocoa
Grape Punch

Cream of Chicken Soup

{(Beef and Potatoes-
Wet, Pack)

Cheese Cracker
Cubes (4)

Fruit Cocktail

Orange- Grapefru1t
Drink

TABLE 11.

' Spaghetti

APOLLO 10 {CERNAN, LMP)
. . \
DAY 2, 6, 10 - DAY 3, 7, 11
Fruit Cockta11 Peaches

Sugar Coated Corn Flakes

* ‘Bacon Squares (8)
Orange Drink

Grape Drink °

[

- Potato Soup

Tuna Salad '
Chicken and Vegetables
Brownies (4)

- Orange-Grapefruit Drink

and Meat
Sauce**

{lam and Potatoes-
Wet Pack)

Banana Pudding

- Orange Drink

* Day 1 consists of Meal C on]y
** New Spoon-Bowl package.

Bacon Squares (8)
Strawberry Cubes (4)
Cocoa

Orange Drink

Cream of Chicken Soup

. (Turkey and Gravy-

Wet Pack),
Cinnamon Toasted
Bread Cubes (4)

- Butterscotch Pudding -

Pineapple-Grapefruit
Drink

Pea Soup -
Chicken Salad
Beef Stew**
Grape Punch

DAY 4, (8 I\

] ) N
Fruit Cocktail =~
Sausage Patties
Bacon Squares (8) .
Cocoa )
Grape Drink

Potato Soup

Pork and Scal]oped
Potatoes** .

Applesauce

Orange Drink

Shrimp Cocktail”
Chicken Stew**

* Turkey Bites (6)

Chocolate Cubes (6)
Orange-Grapefruit
Drink



TABLE 12. APQOLLO 10 LM MENUY

o

%

- DAY 1
MEAL A

Fruit Cocktail
Bacon Squares (8)
Brownies (4)
Orange Drink
Grape Punch

MEAL B

Beef and VYegetables
Pineapple Fruitcake (4)
Orange-Grapefruit Drink
Grape Punch '

- MEAL C

Cream of Chicken Soup

Beef Hash

Strawberry Cubes {4) _
Pineapple-Grapefruit Drink

2 man-days only
. 2 meals per overwrap = _



Het Pack (‘mds\i

. TABLE. 13. APOLLO 10 PANTRY ITEMS . .

a. Ham and Potatpes
b. Beef and Potatoes

c: Turkey and Gravy.

BEEE}

~ Dried Fruits

a. Peaches

b. Apricots

Extra Beverages (24)

Tubed Sandwich Spread

a. 'ﬁam Salad - 1 tube (4.5 ounce)

b.” Chicken Salad - 1 tube (4.5 ounce)

Breac¢ - 12551féés



MEAL Day 1%, 5, 9
Peaches

Bacon Squares (8)
Strawberry Cubes (4)
Grare Drink

Orenge Drink

Salmon Salad

Chicken and Rice **

Sugar Ccokie Cubes (6)
Cocoa

Pireapple-Grapefrult Drlnk

Beef and Potatoes *¥*
Cheese Szndwiches (6)
Butterscotoh Pudding
Brownies (4)
Grare Punch

CALORIES/DAY ~ 2331

. TABLE 14

“ APOLIO 11 (ARMSTRONG - CDR)

bay 2, 6, 10

Fruit Cocktail

Sausage FPatiies

cian. Tstd. B*ead Cubes (4)
Cocoa

Fortified Grapefrult Drink

L

Spaghetti with Meat Sauce

Beef Pot Roast
Pineapple Fruitceke (4)
Orange Drink

Pork and Séalloped Potatoes **

Applesauce
Cheocolate Pudding

‘Sugar Cookie Cubes (6)

Orange-Grarefruit Drink

2289

* Day 1 Consists of Meals B and C Only

- ¥*% Spoon-Bowl Package

H¥E Wot-TPack Food

Day 3, 7, 11

Peaches
Bacon Squares (8)

| Apricot Cereal Cubes (4)

Grape Drink
Orange Drink

Tuna Salad

Chicken Stew *#
Butterscotch Pudding
Cocoa

Grapefruit Drink

Cream of Chicken Soup
Turkey and Gravy ¥*¥x
Cheese Cracker Cubes (6)
Chocolate Cubes (5)
Pineapple-Grapefrult Drink

2350

Day 4' a B oo -

Canadian Pacon and Applesauce

Sugar Coated Corm Flakes
Peanut Cubes (4)

Cocca

O“EPgﬂ-Grapefrult Drlnk

Ham and Potatoeg ***
Beef and Gravy
Coconut Cubes (4)
Banana Pudding

Grape Punch

Shrimp Cocktail

- “Beef Stew *

Fruit Cocktail -
Date Fruitcake (4)
rapefruit Drink

2248



TABLE 15

APOLLO 11 (ALDRIN - LMP)

MEAL  Day 1%, 5, 9 - Day 2, 6, 10
A Peaches - Fruit Cocktail
Bacon Squares (8) Sausage Patties
trawberry Cubes (4). - - Cinn. Tstd. Bread Cubes (4)
Grapa Drink Cecon ‘
Grapefruit Drink : © Orange Drink .
B Sa2lmon Salad ' Chicken Salad
. Chicken e2nd Rice *¥% Chiclken end Gravy
Sugar Cookie Cubes (4) = Peef Sandwiches (6)
Cocoa " Pineapple Fruitcake {4}
Orange-Grapefruit Drink Grapefruit Drink
C Beef and PO+auOES *x% Pork and Scalloped Potatoes *¥
Cheese Savdw*cncs (6) Applesauce
Banana Pudding - Chocolate Puwiding
Chocolate Cubes (4) Peanut Cubes (4)
Pineapple-Grapefruit Drink Orange-Grapefruit Drink
CALORIES/DAY 2285 _ ezl

"% Day 1 Consists of Meal B and C Only
¥% Spoon-Bowl Package
¥** Yei-Pack Food

’ ) ) ) AN
v

' . i i
‘Day 3, 7, 11 . Day 4,.8 | A\
Peaches o Canadian Bacon and Applesauce
Bacon Sguares {8) . Sugar Coated Corn Flakes
Apricct Cereal Cubes (4) Peanut Cubes (4)
Grape Drink " Cocoz
Grapefruit Drink © Qra v?e-Grapﬂfﬂuit Drink
Tuna Salad ' . Hsm and Polatoeg ¥*¥
. Chicken Stew *% . _ Cheese Crackeér Cubes (6)
© Banzna Pudding t " Coconut Cubes (4)
Cotea - Butterscotch Pudding

'Plneapple~Grapefru1t Drink Grapefrult Drlnk

_ Cream of Chicken Soup  Shrimp Cocktail

Turkey and Gravy *¥% Beef Stew **

Cinn. Tstd. Bread Cuves (4)Fruit Cocktail
Brownies (6) Date Fruitcake (4)
Grape Punch  Orange Drink

2297 ' o092



TABLE 16 s
APOLLO 11 (COLLINS - CMP).

MEAL ¢+ Day 1%, 5,9 . Day2, 6, 10 - Day 3, 7, 11 .- Day 4, 8
A Peaches Fruit Cocktail o Peaches - ' Canadian Bacon and Applesauce
: ?jCO“ Squares (8) Sausage Petties ‘ Bacen Squares (8) .+ Sugar Coated Corn Flakes
Strswberry Cubes (4) Cinn. Tstd. Bread Cubes (4)‘ Apricot Cereal Cubp (4) Peanut Cubes (4).
Grape Drink : Cocea ~ Grape Drink . . Cocoa
Crange Drink T Fortified Grapefruit Drlnk Orange Drink . ' Orange-Grapefruit Drink
B Salmon Saled _ Potato Soup * | " Tuna Selad ' R Ham éhd Potatoes ***
Chicken and Rice *¥* . . Beef TPot Roast Chicken Stew ¥* ~ Beef snd Gravy
Sugar Cookie Cubes (6) Pineapple Fruitcake (4) Butterscotch Pudding - Coconut Cubes (4)
Cocoa . Orange Drink . ‘ Cocoa . . Banana Pudding
Pineapple-Grapefruit Drink . ) Grapefruit Drink . Grape Punch.
" Beef end Poteudes *hk Pork and Scalloped Potatoes ** Cream of Chicken.Sbup ."T. Shrimp-Cocktaill‘a
' C heese Sandwiches (6) . Applesauce Turkey and Gravy ¥*% . . Beef Stew ¥* '
tterscoten Pudding Chocolate Pudding : Chocolate Cubes (6) ' Fruit Cocktail
Brownies (4) . . - Sugar Cookie Cubes (6) - Pineapple-Grapefruit Drink  Date Fruitcake (4)
Grape Punch - Orange-Grapefruit Drink . - Grapefruit Drink
CALORIES/DAY 2331 T 2288 ' 2248 . 2248

* Day 1 Consists of Meal B and O Only
*¥% Spoon-Bowl Package
*¥% Wet-ack Food



MEAL A.

MEAL B,

TABLE 17
_APOLLO 11 LM MENUS

Bacon Squares (8)

.Peaches

Sugar Cobkie Cubes (6)
Coffee

Pineapple-Grapefruit Drink

| \
Beef 'Stew oo

Y

Cream of Chicken Soup
Date Fruit Cake (4)
Grape Punch

Orange Drink

Extra Beverage

Dried Fruit

Candy Bar

Bread

Ham Salad Spread {tube food)

. Turkey and Gravy

Spoons

Germicidal Tablets (20)

UNITS

A

=



TABLE 18

APOLLO 11 FLIGHT MENU, PANTRY STOWAGE ITEMS

BREAKFAST
Peaches , "
Fruit Cocktail -

Canadian Bacon & fpplesauce

Bacon Squares (8)
Sausage Patties**

Sugar Coated Corn Flakes
.Strawberry Cubes (4)

Cinn. Tstd. Bread Cubes (4)

Apricot Cereal Cubes (4)
Peanut Cubes (4)

SALADS/MEATS

Salmon Salad

Tuna Salad

- Cream of Chicken Soup
Shrimp Cocktail .
Spaghetti & Meat Sauce¥
Beef Pot Roast :
Beef & Vegetebles
Chicken & Rice*®

Chicken Stew® .

Beef Stew®. ‘

" Pork & Scalloped Potatoes™
Ham & Potatoes {VWet)
Turkey & Gravy {(Wet)

BITES

Cheese Cracker Cubes (6)
BBQ Beef Bites (4) '
Chocolate Cubes (4)

" Brownies (4) f

Date Fruitcake (4) ,
Pineapple Fruitcake (4)
Jellied Fruit Candy (4)
Caramel Candy (4)

BREAD
Rye
~ White

S
b=t
i
V5]

+ BEVERAGES .

o L
prmwmwmwmm

Orange Drink
Orange-Greapfruit Drink.

_ Pincapple-Grapefruit Drink

Grapefruit Drink
Grape Drink
Grape Punch
Cocoa

Coffee (B)
Coffee (S)
Coffee (C and S)

REHYDRATABLE DESSERTS

- UNITS

Banana Pudding
Butterstotch Pudding
Applesauce

"~ Chocolate Pudding

. DRIED FRUITS
 Apricots

Peaches
Pears

'SANDWICH SPREAD

=
=
=
3
i

OO O

g
—
w3
w

.
Nlﬁ'\ o~

Ham Salad (8 oz.)

Tuna Salad (8 oz.)
Chicken Salad (8 oz.)
Cheddar Cheese (2 o0z:)

ACCESSORTES
Chewing Gum

“Wet skin cleaning towels
*Oral Bygiene Kit

3 toothbrushes

1 edible toothpaste

1 dental {loss
Contingency Feeding Systen

3 food restrainer pouches

3 beverage packages

1 valve adapter (pontube)

Spoons

Germicidal Tablets (20)

g
=
=3
A

|l e
VW v O W W O

qh
il

TINITS

oo




_ TABLE 18 CONTINUED

ACCESSORiES
.C'newing- gum .
.het skin cleaning towels
Oral Hygienc kit | F'
l 3 toothﬁfushes,
1 eaidble toothpaste
"1 derital floss
Contingéndy'Feeding'Syétéﬁ
3‘f06d restrainer pouches
l3 beverage packages
1 valve adapter (pontuBe)
Spoons

Germicidal Tablets (20)

f

A

Unit

- . 15
e

1l



- ¥EAL Day 1%, 5%%, O
A DPeaches
' Corn Flakes
- Bacon Sguares (8)
Orange Drink
Coffee w/Sugar

B Tuna Salad
Beef & Gravy
Jellied Candy
Grape Punch

C Cream of Chicken Soup RSB

Chicken & Rice,
Sugar Cookies (4)

IMB

' R

RSB

IMB

RSB
DB

Buttersceich Pudding RSB

P A.-G.F, Drink

DAYS TOTAL CALORIES 2215

*

R
RSB

Wi« Vet Tack

Rehiydrataltle

o

R

Rehvdratable Spoon-Bowl

. TABLIE 19

.-~ - APOLIO 12 (CONRAD - CDR)

Day 2, 6, 10
Apricots ™3
Sausage Patties R
Scrambled Egas =~ RSB
Grapefzuit Drink R
Coffee w/Sugar. - R
Turkey & Gravyy WP

Cheese Crackers (4) DB

" Chocolate Pudding RSB

Orange-G.F. Drink R

Pﬁfk & Scalloped quatoes
Bread Slice .
Sandwich Spread WP

Jellied Cangdy MB
. Cocoa - R
range Drink o R

Day 1 consists of Meal B and C.only
Intermediale Moisture Bite

2346

ey 3, 7, 11
Pears ‘ iMB |
Corn Flakes R
Bacon Squares {8) IMB
Grape Drink , ‘R .
Coffee w/Sugar - -~ R
. Frankfurters WP .
© . Applesauce RGB -
- Chocolate Bar - IMB
P.A.-G.F. Drink R
Salmon Salad = - RSB .
Chicken Stew - -: RSB.
Butterscotch Pudding RSB
Peaches - IMB
Grapefruit Drink- R
2328

Day 4, 8

MB |

Canadian Bacon
& Applesauce RSB
Scrambled Eggs RSB
Cirramon Bread (4) DB
Orange-G.F, Drink = R
Coffee w/lugar R
Shrimp-Cocktail R
Ham & Potatoes WP
" Apricots
Chocolate Pudding R5B
Orange Drink "R
Spaghetti w/Meat R
Beef Stew R3B
‘Panana Pudding RS
Cocoa R
Grape Punch R
, 2106

i



-~

MEAL  Day 1%, 5%%, 9

A Peaches ‘ R

Corn Flakes R
Canadian Bscon-

& Applesauce R3B
Cocea R
QOrange Drink - R

B . Beef & Gravy . WP
Friit Cocktail R
Jellied Cardy VB
Grapefruit Drink . R

C Peotato Soup ' RSB
Chicken & Rice - RSB
Spaghetti w/Meat R

Butterscotch Pudding RSB
Orange-G.F. Drink . R

DAYS TOTAL CALORIES 2161'

~ TABLE 20
APOLLO 12 (BEAN -

‘Day 2, 6, 10

. Fruit Cocktail R

Corn Flakes R
Jellied Candy - IMB

Grapefruit Drink R
P.A.-G.F. Drink R

i

Cream of Chicken Soup R3B
Turkey & Gravy WP
Peaches R
Qrange-G.¥P. Drink R

Pork & Scalloped Potatoes RSB
Bread Slice '
Sandwich Spreasd WP
Chocolate Pudding RSB
Cocoa _ R
Orange Drink R

2283

i * Day 1 consists of Meal B and C only
IMB = Intermediate Moisture Bite
'R = Rehydratadle
KSB = Rehydratable Spoon-Bowl
WP = Wet Pack
= Dry Biie

o
(=]

Soeonoda

taoof Meal A onldy

ILMP)
Y
Day 3, 7, 11 -Day 4, 8 . -
Peaches R Fruit Cocktail "R
Corn. Flakes R . Corn Flekes - R
Canadian Bacon : Jellied Candy . o3
& Applesauce RSB - Cocoa - R

Cocoa - R

‘ Orange—G.F. Driﬁk‘;
Orange Drink - R _ S

Cream of Chicken Soup RSB

Potato Soup R3B
Beef and Gravy WP Chicken Stew RSB
Jellied Candy IMB Peaches . R
P,A.-G.,F,.Drink R Chocolate Pudding RE3
L _ _ Orange Drink R
Chicken & Rice = RSB  Spaghetti w/Meat R
Fruit Cocktail R > Banena Pudding - RSB
Cinnamon Bread {4) IB Cocoa .* , ‘ R
~ Butterscotch Pudding RSB P.A.-G.F. Drink- R
Grapefruit Drink R
2211 : 2271



AR

MEATL

-

Day 1%, 5, 9

A Peaches

Rehxrdratable
Rer dvata
Wl s Wol ook
= T Bl

1
3

e
o

pd)
|

ble Spoon-Bowl

TABLE 21
APOLIN ‘12 (GORDON - CMP) .

Day 2, 6, 10

Day 3, 7, 11

Apricots JMB Pears ‘ IMB
Scrambled Eggs RSB  Corn Flakes "R
Sausage Patties - R Bacon Sguares (8) IMB
Grapefruit Drink R Grape Drink R
Coffee (black) R Coffee (black) R

. Turkey & bravy- WP PFrankfurters WP
Cheese Crackers (4) DB Applesauce ‘ RSB

Chogcolate Bar IMB
P.A.-G.F. Drink R

Chocolate Pudding RSB
Orange-G.¥, Drink R

Pork'& Scalloped Potatbes RSB

Salmon Salad’ RSB
Bread Slice Beef & Gravy . RSB
Sandwich Spread WP Butterscoteh Pudding RSB
Date Fruitcake (4) DB . Peaches VB
Cocoa . R Grapefruit Drink R
range Drink R '

2245 2395

1

Day L1 consists of Meal B and C only

MB
Com Flekes R
Facon Scuares (8) ~ IMB
Orange Drink R -
Coffse (black) R
Tuna Salad RSB
+ Beef & Gravy WP
Jellied Candy VB
Grape Punch R
(Day 5)
Beef & Potatoes WP
Pea Séup . RSB
- Chicken & Rice RSB
Sugaxr Cookies (4) DB
Butterscotch Pudding RSB
P.A.-G.F. Drink R
DAYS TOTAL CALORIES 2262
*
IMB = Intermediate Moisture Bite
R

Dal_f 4, 8 o -t“-/J

Canadian Bzcon
& Applesauce - RSB
Strawberry Cubes (4) DB

Seranbled Eggs RSB
Orange-G.F. Drink R -

. Coffee (bvlack) R
Shrimp Cocktail ~+ R
Ham & Potatoes WP
JApricots ' I¥B

Chocolate Puddlng RSB

QOrange Drink ' R

Spaghetti w/Meat . R

Beef Stew , RSB
Banana Pudding - K338
Cocoa ' R
Grape Punch R
2064



TABLE 22

| APOLLO 12 LM MENUS

. CDR -~ Red Velcro

Day 1 Meal C

Cream of Chicken Soup
" Ham Saled -~ Bread .
Jellied Candy
Apricets
Grapefruit D-‘Pk
Pireapple-Grapel

Day 2 Mesl A

Peaches
Scramvled Eggs
Bacon Squares (8)
Cocoa

Orange Drink

Day 2 Mesl B

Beef and Gravy
- Pears
Butterscotch Pudding
Pineapople-Grapefruit D*lnk
Grape Drink

Day 2 Meal C

© Turkey and Gravy
Chicken Stew

Apricots

Jellied Cardy,
Orange—G“atefrult Drlnk

2 Spocns

IMB = Intermediate Moisture Bite
R = Hehydraiatle
RSB = Rehydrz*able Spoon-Bowl

Wet Pack

(.|

WP

»uits Drink”

RSB

RSB
R

RSP

R

“Ham Salad -

IMP - Blue VelcTo

Day 1 Meal C

Cream of Chicken Soup
Bread
Jellied Candy
Chocolate Pudding
Grapefruit Drink

) Plneapple-Grapef“ult D“l“k

" Day 2 Meal A
Peaches
Corn Flakes
Canadian Bacon & Applesauce
Cocoa
Orange Drink

" Day 2 Meal B

Beef and Gravy
Buttersceteh Pudding
Pinesppie-Grapef>uit Drink
Grapefruit Drink

Day 2 Meal C

Turkey and Gravy
Chicken Stew
Fruit Coektail
Jellied Candy

. Qrange-Grapefruit Drink

BSB

IMB
RSB

R

WP
RSB

R



. Meal Day 1%, 5%%, 9

A Peaches ' RS3H
- QCanadian Bacon
& Applesauce RSB

Bacon Squares (&) IMB

. Cocoa o R
~Orange Drink R

B- Salmon Salad RSB
Peef & Gravy WP
Jellied Candy IMB

", Grape Drink R
"C Pea Soup . RSH

Chicken & Rice RSB

Date Fruitcake (4) DB

P.A.-G.F. Drink R
Days *otal Calories 2106

DB = D*y Bite

APOLLO 13

Day‘2,‘6, 10

Pears

Bacon Squares (8)
Scrambled Eggs
Grapefruit Drink

Coffee (B)

Frankfurters ...
Cranberry-Orange
Chocolate Pudding -
Orange-G.F. Drink

Shrimp ‘Cocktail
Pork & Scalloped Potatoes RSB

Apricods
Qrarige Drink

IMB = Intermediate Moisture Bite

R = Hehydratabhle
RSB = Henydrotable opoon Bowl
WP = VWet Pzck

*  Dey 1 consists of Meal B and C only; extra meal con31sts of:

¥*  Day 5 consists of Meal A only

S FR% - Dread:
saundwich Spreads:

Cneese, Rye,

Wnite
Chiicken,
Cheddar Cheese Spread, Peanut Butter, Jelly

Ham, Tuna Salagd,

TABLE 23
£ - (LOVELL, CDR.) /

IMB

RSB

- RSB

IMB
R

- 2073

- Day 3, 7, 11
Peaches ' IMB
Canadian Bacon '

& Applesauce RSB
Sugar Cozted _

Corn Flakes ' RSB
Cocos R

Grape Drink . . R

Cream of Chicken Soup RSB -

Bread Slice '
HSandwich Spread '*¥* Yp

Chocolate Bar IMB
P.A,-G.F., Drink R
Chicken Stew RSB
Turkey & Gravy WP
Butterscotch Pudding RSB
Grapefruit Drlnk R

Caramel Candy
Orange-G.F¥. Drink

2183

Ham & Cheese $andw1ch (frozen)

Day 4, 8

“Apricots -

" Bacon Squeres (8)
Scrambled Eggs
Orange-G.F, Drink
Coffee. (B)

—=hicken & Rice Soﬁp

Meatballs with Sauce
Caramel Candy -
Orange Drink

Tuna Salad
. Beef Stew
Banana Pudding
" Grape Punch .

IMe
,RSB

R B

RSE
WP
B

RSB

REB

REB
‘R

2043



_Meal ‘Tay 1%, 5%, 9

*  Dey 1 consists of Meal B and ¢ onlys; extra wmeal consists of:
**  Day 5 consists of Meal A only

*¥ Chieese, Rye, White

Chicken, Ham, Tuna Salad, Cheddar Cheese
Spread,

*0 Bread:

Sandwich Spread:

. TABLE 2/

APOLLO 13. - (HAISE - IMP)
Day 2, 6, 10 Day 3, 7, 11
. A
Pears IMB Peaches B
Bacon Squares (8) IMB Suger .Coated
Scrambled Eggs RSB Corn Flakes - RSB
Cocoa . R Graham Cracker Cubes (4) DB
Grapefruit Drink R Grape Drink R
' Coffee (B) R
Frankfurters - WP Cream of Chickeu Soup RSB.
Cranberry-Orange RSB Bread Slice
Chocolate Pudding RSB Sandwich Spread *HH WP
Crange-G.F. Drink ' R Chocolate Har IMB
- . P.AI-G.FQ l‘ink R
Spaghetti with Meat RSB . ' Chicken Stew RSB
Pork snd Scalloped Potatoes RSB Turkey & Gravy WP
Gingerbresd (4) DB Butterscoteh Pudding RSB
Crange Drink . R Grapefruit Drink R
. ' 2165

2198

" A Peaches RSB
" Sausage Patties R
Cinnamon Toast (4) DB
Qrangs Drink R
Coffee (B) R
B Chicken Salad RSB
Beef & Gravy WP
Jellied Candy IMB
Grape Drink R
C Potato Soup RSB
Chicken & Rice RSB
Date Fruitcake (4) DB
P.A.-G.F., Drink 7
Days Total Calories ~ 2079
DB = Dry Bite
"IMB = Intermediate Moisture Bite
R = Rehydratable
RSB = Rehydratable Spoon Bowl
WP = Wet Pack

Peanut Butter, Jelly,

Caramel Candy
G”ape Drink

D.ay 4, 8

s

- Apricots /
Bacon Squares -(8)

Scrambled Eggs
Cocoa

‘Orange-G.F, Drink

B
B

0o

Chicken & Rice Soup RSB
Meattalls with Sauce WP~

Caramel Candy .

Orange Drink

Tuna Salad

Beef Stew
Choceolate Pudding

"Grape Punch

Smoked Turkey SandW1ch (frozen)

I8
"R

RSB
RSB
R53

' 2070



TABLE 25
APOLLO . 13 - (MATTINGLY, CMP)

Meal Day 1%, 5%*% g Day 2, 6, 10 Day 3, 7, 11 .

A Peaches - RSB - Pears ’ o IMB Peaches - IMB
Canadien Bacon Bacon Squares (8) . IMB Canadian Bacon

& Avplesauce A5B Serambled Eggs RSB & Applesauce RSB

Bacon Squares (8) IMB Grapefruit Drink | R Sugsr Coated | .
Cinnamon Toast (4) DB Coffee (B) R. Corn Flakes RSB
Qrange Drink R \ _ Grape Drink R
Coffee: (B) R - : ' Coffee (B) % R

B Potato Soup R3B Frankfurters ‘ WP Cream of Chicken Soup H3B
Beef & Gravy WP Cranberry-Orange . RSB Bread Slice ' '

. Jellied Candy B Chocolate Pudding ‘ RSB - Bandwich Spread ¥**¥*¥ WP
Erownies (4) DB Crange-G.F. Drink R Chocolate Bar TMB
Grape Drink R _ _ g - P.A.-C.F, Drink R

€ Pez Soup R3B Snaghet i & Meat ' RSB Chicken Stew RSB
: Chicken & Rice RSB *  Pork & Scalloped Potatoes RSB Turkey & Gravy ' WP
Date Pruiteake {4) DB Apricots ‘ , B " Butterscotch Pudding RSB
F.,A.-G.F. Drink . R Orange Drink R Grapefruit Drink R
Days Total Calbries 2113 o ' o 2124 . 1944
DR = Dry Bite
B = Intermediate Moisture Bite
" R = Peh,drauable
RSB = Hehydratable Spoon Bowl
WP = et Pack
*  Day 1 consists of Meal B and C only; extra meal consisis of:. Ham' & Cheese Sandwich (frozen)
#% Doy 5 consists of Meal A, Beand C Caramel Candy
x*¥%  Fread: Cheese, Bye, White Orange-G.F. Drink

Sendwich Sureadse Chieken, flam, Tuna .alad4~.
Clanidg n Choene ﬁp wiy feanut Putser, Jelly.

Day 4, 8
APIICOuS .; ,~
Pacon Squares (8)
Serambled Eggs
Crange-G.F. Drink
Coffee {B)

Caramel Candy
Orange Drink

b

_ Spaghetti & Meat

Beef Stew
Banana Pudding

Grape Punch

TE
nE
RSB

_Chicken & Rice Soup BESE
.. Meatballs with Sauce

WP
TMEB
R

RSB
REB
RSB

R

2011



TABLE 26

APOLLO 13 - IM~7 MENU
‘CDR " 2 2/3 MAN DAYS
MP - . (8 Meals)
“Dey 1 Measl B -
‘Gream of Chicken Soup RSB
Bread Slice
Tuna Salad Sandwich Spread WP -

- Peaches IMB
Cararel Candy IMB
P.A-G.F. Drink ' R
Orange Drink . R

Total Mesl's Calories 875
Dey 1 Mesl C
Beef & Gravy WP
Pears IMB
Butterscotch Pudding RSB
- Qrange-G.¥., Drink R
Grape Drink 7 o _ R
Total Meal's Calowies 825
Dey 2 lMeal A
Peaches : _RSB:
‘Bacon Sguares (8) © IMB
Sugar Coated Corn Flakes RSB
Cocoa - : _ . R
Orange Drink - _ ‘ -~ R
Total Meal's Calories 661
Day‘2 Meal B
Turkey & Gravy ' ‘ WB
Chicken & Rice RSB
~Apricots o IMB
Date Fruitcake (4) - DB
G“aPePru;t Drink R
Total Meal's Calories 682
Spoons 2
DB = Dry Bite
"IMB = Intermediste Moisture EBite
R = Rehydratable
RSB = Rehydratable Spoon Bowl
WP =

Wet Pack



TABLE 27

APOLLO 13

PANTRY STOWAGE

‘Day 6 through Day 10 . . P/N: 14“0123_ o
RREAXFAST TTEMS - DNITS CURES /CANDY . UNITS
Corn Flazes (ASR) T3 SJellied Candy (43 3
Toasted Cats (ASB) z Chogolate Far (1 z
- Conadian Pacon & Applesauce 3 Caramel Candy (4) 9
Fruit Cocktail (R) 3 Gingerbread (4) - 3
Peaches (3SB) 6 Date Fruitcake (4) 3
Bacon Sguares (8) 9 Cheese Crackers (4) 3
Sausage Patties (R) 2 * Pecans 3
Scrambied Egszs (RESB) 6 - “Brownies (4) 3
Cinnamon Toast (4) N L 30 -
‘ . 38
- SALADS /S0URS TUNITS DESSERTS , UNITS
Salmon Salad (RSB) 2 Thocoiate Pudding (RSB) ~ 3 -
Tuna Sslad (RSB) 2 " Banana Pudding (RSB) 3
Shrimp Cocktail (RSE) 2 Butterscotch Pudding ERSB% 3
Cream of Tomato Soup (RSB) 3 Cranberzy-Applesauce (RSB 3
Chicken & Rice Soup’ (RSB) 3 Cranbexr f-Ozange (RSB) 3
12 . 15
WET PACK FCOD : - UNITS DRIFD FRUIT . URITS
Beef & Gravy ' ' b "~ Peaches ' ) 6
Turkey & Gravy : 3 Apricots 6
Meat Balls ' 3 Pears 6
Frankfurters 3 ' 18
-12
VEAT TTEMS. . NITS SANDWICH SPREAD/BREAD UNITS
Chicken & Rice. (BSE) 3 Chicken Saisd (8 oz, ) i
Pork & Scalloped Potatoes(RSB)3 Tuna Salad (8 oz.) 1
Chicken Stew (RSB) 3 Cheddar Cheese (2.0z.) 3
Spegretti W/Meat Sauce (RSB) 3 Peanut Butter _ _ 6
Beef Stew (KSB) 3 Jelly o 3
Beef & Gravy (HSB) 3 Bread (Slite) 9
. . 18 Catsup 3
Mustard 3
BEVERAGES URITS ACCESE0RIES UNITS
Coffee (B) . 24 Cbewﬂlb Gh: 15
Cocon 6 Wet skin cleaning towels 20
Orange Juice 20 ***¥Contingency Feeding System 1
Crupefruit Drink 3 3 food restrainer pouches
Orange-Grapefruit Drink 3 3 beverage packages
Pineapple~Grapefruit Drink . 3 1 valve sdapter {pontube)
Grape Drink 5 . Germicidal Tablets (42) 2
Genpe Punch 3

|

"Index Card _ ‘ -1

Lo
A



TABIE 28
APOLID. 14 (SHEPARD - GDR)

MEAL Day 1x, 5 ‘ ‘ ‘Day 2 o Day 3 . . Day 4
A . Peaches - RSB - Fruit Cocktail R Peaches ‘ We Mized Fruit = WPp
© .Scrambled Iggs 5B Saugage Patties R Scrambied Eggs HGB Cunadian Bacon &
< Bagon Squares (8) VB Spiced Fruit Cereal = RSB Bacon Squares (8) IMB ~ Appleszaure - - - RSB
Grapafrult Drink - R Orange Drink R Grape Drink i Cornilakss RSB
Colfes, Black R Coll'ee, Black R Cotiee, Black R P.A-G.F. Drink ' R
. T : ‘ ' Coit'ers, Black - R
B Chicken and Rice: R3B Turkey & Gravy WP Pea Soup - RSB Chicken & Rice Soup k5B
‘Applesauce | RSB Cranberry-Orange Sauce RSB Bread Slices (2) Mentbulls w/Sauce WP
Choeolate Bar . IMB .. Pineapple - Bandwich Spread®*% WP Lemon Puiding wp
Orange-G.F. Drink ' R Pruiteake (4) B Buttsrscotah - -Grzhsam Cracker Cubes (4) DR
‘ ‘ Grape Punch _ R . Pudding R3B Grape Punch . R
o . - Grapefruit Drink °~ R . , '
¢ Cream of Tomato Soup RSB Cream of Chicken Soup RSB Lobsler Bisque RSB Beefl & Gravy ' _ WP
- Bpaghettl & Meat . Frankfurters ' WP Beef Stew S RSB. Chicken & Vegetables © RSB
Szuce RSB Banana Pudding RSB Beef Sandwiches {4) DB . Chocolate Pudding RSB
Peach Ambrosia RSB Brownies {4} . DB " Caramel Candy . IMB Sugar Cookie Cubes'(4) . IB
- Cheése Cracker _ . P.A.-G.¥. Drink : R Orange-G.F. Drink® R Grapefruit Drink o R
- Gubes (4) TB ' . o L : o .
Grapa Drink - R~
Days‘Total Calories 1748 ‘ 70 . 2157 R - 2098 -
‘JB = Dry Bite

Intermediate Moisture Bite

. IMBE =
j};R = Rehvdratable :
" RSB = Rehydratuble Spoon Bowl
WP = Wet Puzle S

#lay 1 conzisls of Meal C only, :
*#Day 5 consists of Meal A only. - _ : S
it frands (‘hM w2, Rye, White : o . , - ‘
Sundui: pr\LA :: Chicken, Wum, Tuna Salad, Cheddar Cheese Spread, Peanut Butter, Jelly



Lo

mAL . Day 1¥, 5

A~ Peaches

TABLE 29

APOLIO 14 {MITCHELL - IMP) '

" Day 2

Fruit Cocktail
Apricot Cereal
Cubes (4)
Spiced Prult
Orange Drink
Coltlen, Blnack

Cereal

Brel & Gravy

Cranberey-Orange Sauce

Pineapple
- Fruiteake (4)
Grape Punch

Cream of Chicken Soup
Frankfurters
Banana. Pudding

- Brownies (4)

P,A.-G.F. Drink.

REB
2 Seramvled Eggs RSB
Bacen Squares (8) IMB .
Grzpefruit Drink R
Cofi'ee, Black R
Beef Pot Reast RSB
Applesauce RSB
“Jellied Fruit Candy IMB
range~G.F. Orink R
Cream of Tomato Soup RSB
Pork & Scalloped
Potatces . RSB
Peach Ambrosisa RSB
~Cheese Cracker :
7 Cubes (2) DB
Grape Drink R
Days Total Celories 1335
DB = Dry Bite
IMB = Intermedinte Moisture Blte
R = Rehydratable
. RSB = Rehydratable Spoon Bowl
WP o= Wet Pack

ey 1 consiate of Meal C only.

TRy 5 oonoiot
R Rrends

Junivich Lpree

pren
e TLEI .

1

g of Meul A only,
ftye, White
Chinken,

nm,

WP

RSB

RSB
WP

RSB
- DB

- 2139

Tunn Salad, Cheddar Cheege Spread,

-Day 3

Peaches WP
Scrambled Eggs RSB
Bacon Squares (8) IMB
Grape Drink R
Coftee, Black R
Pea Soup RSB
Bread Slices (2)
Sandwich Spread#®e . Yp
Bulterzcotch .

Pudding " RSB
Grupefruit Drink R
Tobster Bisgue RSB
Beef Stew ~ 7 RSB
Beef Sarndwiches {4). DB
Apricots -7 IMB
Caramel Candy - IMB
Cocon R

2268

Peunut Butter,

Day 1

 Mixsd Fruit -

Cana-dian Bacoh & -
Applezauce

Cornilukes

P.A -G, I, DIrink

Colfee, Black

Corn Chovder
Meatballs w/Sapce.
Vanilla Puiding
Chocolate Bar
Grape Punch

Beef & Gravy
Potatlo Scup
Chocolate Pudding

Sugar Cookie Cubes {4)
OPLAL-GLF,

Drink

Jally

58

HSB

WP
REB

- RSB



TABLE 30

APOLIN .14 (ROOSA - CMP)

. RTHL Day 1%, 5%% o Day 2 ’ . Day 3 : T%y 4
' A ' . . Vo
A Peaches RSB Fruit Cockiall R Pencheas WP Mired Fruj! : WP
Seranicled Eggs : RSB Cinnamen Toasted Scrambled Eggs - R8B  Crnnadlian Bacon &
Bacor Sguares (8) IMB Brezd {4) - DB | Bacon Squares {8) - IMB Applecau.e ~ RYE
Orange Drink R - Pork & Sﬂllloped L P.A.-Orange Drink R Cornrlankes : RIB
Caroa R . Potutoes RSB Coecoa C R Orangs-G,F. Urink . R
C Orange~G.I', Drink R ' - Coroa : R
Cocos - . R S :
B Pea Soup = RSB Corn Chowdsr RSB Pea Soup A RSB Chicken & Rice Soup = RSB
. Chicken Salad RSB Turkey & Gravy WP . Bread Slices (2) o Mentlalls w/Ssuce WP
Turksy Bites (4) TB Cheese Sandwiches (4) DR Sandwich Spreadsst WP Chicken Sandwiches (&) LE
Orznge=G.r. Drink R . P.A,-Orange Drink R~ . Creamed Chicken Bltes (6) DB~ Vanilla Pudding P
- ' ‘ ' Orange Drink .« R P.A.~G.F. Drink R
¢ Crezm of Tomato Soup RSB Potato Soup _ RSB Lobster Bisgue RSE  Beef & Cravy i P
" Tuna Salad ‘ RSB Mzatballs w/Sauce WP Beel' Stew RSB ' Shrimp Cocktail REB
Spagheitl & Meat : Ghicken and Rice RSB Potato Salad _ " RSB Chicken Stew tets
Sauce RSB Peanut Cubes (4) = DB " Beef Sandwiches (&) DB Sugar Cookie Cubea (4) LB
Cheese Cracker F.A.-C.F. Drink 'R Orange-G.F. Drink R Cocoa - R
Cutes (4] . DB ' C ' :
Orange Drink R
Days Total Calories 2006 - . 2128 ' 2013 S o 2138
B = Dry Bite
iMB = Inuermedlaue Nb:sture Bite
R = Rehydratable ‘
RSB = Rehydratatle Spoon Bowl
WP = Vet Pack

#Day 1 consists of Meﬂl c Oﬂly. .

fLwoof N&ilo A, B ani C.

MERrandr Choense, RHye, Wi e ; ‘ c
Sundwich Sprouls: Uhjuhmn, Hem, Tuna 8alad, Cheddar Cheese Spread, Peanut Butter, Jelly '

:W]-’ﬂ" r) AN ‘!l-‘




Day 1 Meal B

Cream of Tomate Soup
Bread Sli:ce
Ham Salad Sandwich SDreai
Caramel Candy
PJneappla—Gfﬂﬁczrult Dr:nq
Grapefruit Drink

Total Meals Calories

Day 1 Neal C
Beef & Gravy
Cheese Cracker Cubes (4)
Apricots
Butterszeotzoh. Pudding
Orange-Grapeiruit Drink
Grape Punch

Total Meals Calories
Day 2 Meal A

Peaches

‘Bacon Sguares (8)
Sugar Coated CornTla{es
" Cocoa

Orange-Pineapple Drink .

' Total Meals Calories

Day 2 Meal B -

Lobster Bisque . ;
Meatballs w/Szuce |
Chozeolate Bar ’
Pinezpple Fruitcake (A)
Grapefruit Drink

Totzl Meals Calories

Spoons 2

DB = Dry Bite

IMB = Intermediate Molistur
H = Rehyiratable

RSB = Rehyiratable Spoon B

WP. = Wet Pack

TABLE 31

APOLIO "14 /LM

RSB -

ﬁp'.

" WP
IMB
RSB

875

" 'RSB
IMB
RSB

RSB
WP
IMB
D3

e BRite

ol

. CDR - Red Velero

LMP - Blue Vel“ro

2 2/3 MAN “AYS (8 msala



TABLE. 31 CONTINUED
APOILO 14

" PANTRY STOYACE
DAY & THROUGH DAY 10

REVERAGES ' ) - . - ) - TY SATLADS, QOU'PC‘

Ccoon . e . Chicken & Rice Soup (RQB)
Cofiee (B) 16  Lobster Bisque {RSB)
Crape Drink - Pea Scup (R3B)
Grapelruit Drink & - Potate Scup. (R3B)

. Grape Punzh 2 Shrimp Cocktail (RSB)
Orihge—uFﬁFGATUI- Drink 6 Tomato Soup (RSB)
Orange Juize 20 Tuna Salad (KSB)
Pineapple-Grapelruit’ DrJnk 6
Pineapple~0range Drink ) . ‘

: 7o SANDWICH SPREADS/BREAD
Bresd (siice)
RREAKFAST ITIMG o L Catsup
Rucon Squares (2) (IMB) 9.2 Cheddar Cheese (2 o0z.) -
Cinn, Teasted Bread Cubes (4) 3 Chicken Salad (8 oz.)
.. Canadian Bacon % fpplesauce (RSE) 3 Ham Salad (8 oz.)
Cornflakes {RSB) 3 Jelly .
Fruit Cockiail {R) .3 Mustard
Sausege Patties (R) 2 Peanut Butter

-Serambled Eggs (RSB) R : I
Peaches (R3B) : .3
Spized Fruit Cerezl (RSB) 3 MEAT ITENMS :
Apricot (IMB 3 ‘Beef Pot Roast (RSR)
Peaches (1! B) 3. Beef &% Vegetzbles (RSB)

gy Beef Stew (RSB}

: o N \ .. Chicken % Rize (RSB)
CUBES/CANDY _ ' _~ Chicken & VegetablesA(HSB)

Browmies (4) .2 Chicken Stew (RSE)
Carzmel Candy (4) 2 Pork & Scalloped Potatoes (RSB)
Chocolate Bar 2 - Spaghetti w/Meat Sauce (RSB)
Cresmed Chicken Bites (5) 3 : _ ] ‘
Cheese Craczker {4) & :
Cheese Sandwiches (4) ; 3 WET PACK FOOD
Beei S8andwiches (L) 3 Beei & Gravy
Jellied Fruit Candy ; 2 Frankiurters
derky ' i 3 Meatballs w/Szuce
Peanut Cubes (a) 5 2 Jurkey % Gravy
Pezans (6) 3 o '
Pineapple Fruitzake {(4) 2
Suznr Cockies (4) 3 ACCESSORIES
Turkey Bites (4) 2. Chewing Gum
39 Wet skin cleaning towels

e e : 7 . Contingency 1664¢Fg System
DESSERTS : : 3 food restrainer pouches
hpplestuze (RSB) 3 beverage rackages
Bunans Pudding (REB) 1 valve adapter (ponfube)
Luttersectzh Puiiing (REB) Germiciial Tablets (42)
Chocolate Pudding (RSB) Iadex Card
Granberry-Orsnze Sauce (RSB) .

Peach Ambrosgia (RSB)

i .
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}imL

A

B R £
pAY 1, 5, 9

Peaches
Scrambled Eggs
Bacon Squares (8)
Grapefruit Drink
Cocoa

Hamburger

Pea Soup

Salmon Salad

Applesauce

Cheese Cracker
Cubes (4)

. Orange~Grapefrult

Drink

Cream Tomzto Soup
Spaghetti & Meat
Peach Ambrosia
Chocolate Bar
Grape Drink

Calories/Day

RSB
RSB
IMB

WP
RSB
RSB
RSB

DB

RSB

RSB
IMB

2372

TABLE 32

APOLIO 15 ~ CSM-MENU

DAY 2, 10
Fruit: Cocktail RSB
Sausage Patties R
Spiced Fruit Cereal RSB
Orange Drink R
Cocoa - R
Turkey & Gravy WP -
Cranberry-Orange RSB
Pineapple Fruitcake (4)DB
Vanilla Pudding WP
Citrus Beverage R
Cream Chicken Soup RSB
Frankfurters WP
Banana Prdding RSB

Brownies (4) - DB
Pinesapple-Grapefrult

Drink R

2550

#¥Day 1 and Day 8 consists of Meal C only

DB = Dry Bite

#¥Day 5 end Day 11 consists of Meal A only

IMB = Iantermsdiate Moisture Bite

R = Rehydratable
Rehydratable Spoon Bowl

WP = Vet Pack

* %
DAY 3, 11
Peaches : WP
Scerambled Bggs ‘RSB
Bacon Squares (8)  IMB
Grape Drink R
;Cocoa " R
Lobster Bisgue RSB

Bread Slices (2) o

Sandwich Spread WP
Butterscotch Pudding RSB
Pineapple-Orange Drink R

Shrimp Cocktail © RSB
Beef Steak " WP
Peaches ' ) . IMB
Caramel Candy IMB -
Crange-Grapefruit
Drink - ‘ R
2314

David R. Scott,
James B, Irwin,

CDR -

IMP -
DAY 4, 8
Mixed Fruit - : | WP
Canasdian Bacon & Applesauce RSB
Cornflakes RSB
Pineapple-Grapefruit Drink - R
Cocoa _ R
Chicken & Rice ‘Soup , RSB
Meatballs w/Sauce . WP
Lemon Pudding WP
. Sugar Cookie Cubes (4) DB
Grape Punch _ R
Beef & Gravy ‘ WP
Pork & Scalloped Potatoes RSB
Chocolate Pudding RSB
Apricots IMB
Grapefruit Drink . R
2328



- MRAL

DAY 1, 5, 9

Peaches _
" Serambled Eggs
Bacon Squares (8)
Grapafrult Drink
Cocoa

Hamburger

Pea Soup

Salmon Salad

Applesauce

Cheese Cracker
Cubes (4)

Orange-Grapefruit
Drink

Cream Tomato -Soup
Spaghetti & Meat
Peach Ambrosia
Chocolate Bar
Grape Drink

Calories May

RSB

RSB

MR

WP

RSB

RSB
RSB

DB

R3B
RSB
RSB
IMB

2372

APOLLO 15 - CSM-MENU

TABLE 33

DAY 2, 6, 10

Fruit Cocktaill °~ = RSB
Sausage Patties R
Spiced Fruit Cereal RSB
Orange Drink - . R
Cocoa’ ' R
Turkey & Gravy . WP
Cranberry-Orange RSB

Pineapple Fruitcake (4)DB
Vanilla Pudding WP

Citrus Beverage - R

Cream Chicken Soup RSB
Frankfurters WP
-Banana Pudding " RSB
Brownies {4} DB
Pineapple-Grapefruit
Prink R

2550

*ﬁay 1 consists of Meal C only
#¥Day 11 consists of Meal A only’

DA = Dry Bite

I¥a =

R = Rehydratable
RSB =

WP = Wet Pack

Intormediate M01sture Bite

Rehydratable Spoon Bowl

Alfred M.
) ##

DAY 3, 7, 11

Peaches ' WP
Scrambled Eggs - RSB
Bacon Squares (8) IM3
Grape Drink R
Cocoa _ . R
Lobster Bisque '; R3B
Bread Slices (2) .
Sandwich Spread - ' WP

Butterscotch Pudding RSB

Pineapple-Crange Drink R

Sﬁrimp Cocktail

Beef Steak ' ) we
Peaches - .. IMB
Caramel Candy IMB

Orange-Grapefruit
Drink . ' R
2314

RSB

‘Worden, CMP -

v .
' DAY 4, é

Mixed Frult

~ Canadian Bacon & Applesauce RSB

Cornflakes
Pineapple- Grapefruit Drink
Cocoa

Chicken & Ribe Soup
Meatballs w/Sauce

Lemon Pudding

Sugar Cookie Cubes (4}
Grape Punch .

Beef & Gravy

. Pork & Scalloped Potatoes
.Chocolate Pudding

Apricots
Grapefruit Drink

.

WP
RSB

R
R

R3B

TWP

WP
DB

WP
RSB
RSB
IMB

2328



TABLE 34
CAPOLIO 15-IM. _ MENY - David R. Scott, CDR -
‘ ' : James B. ;rwin, e .

DAY 5 - DAY 6 ‘ -~ DAY 7 ‘ , DAY 8

Peaches ' "~ RSB Apricots IMB Paaches o " IMB
Bacon Squares (8) DB Beef Steak - WP Bacon Squares (8) : DB
Scrambled Eggs . RSB Sauvsage Pattles - R Cinn, Toasted Bread (6): DB
Graham Cracker Cubes (6) DB . Cornflakes RSB . Pork & Scalloped Potatoes RSB
" Ordnge-Pineapple Drink R Grapefruit Drink - R~ Beef Steak = - WP
Cocoa . ....R Cocoa _ . - R Orange-Pineapple Drink R
‘ _ ‘ " - Cocoa R
Cream Tomato Soup RSB Salmon Salad = - RSB - Shrimp Cocktail . RSB Tuna Salad =~ RSB
Bread Slice {2) and Frankfurters . WP Ham & Applesauce . RSB .  Chickem& Rice o RSB
Ham Salad Spread: WP Chocolate Bar . IMB Meatballs w/Sauce - WP Turkey- & Gravy - o WP
Caramel Candy IMB Peacans IMB Brownies (6) DB Chocolate Pudding _ RSB
Pineapple-Grapefrult = Peach Ambrosia . RSB Cheese Crackers (6) DB Grape Punch ‘ R
Drirnk R Orange-Grapefruit Drink R Orsange Drink "R ' : ' y o

Grapefruit Drink R . _ , Grape Drink R A

In-Suit Food Bar Assembly (1) 6
In-Suit Drinking Device (1) 2 ea
Spoon Assembly (2) 1
Germicidal Tablets Pouch (42) 1
Beverages (6)-

DB = Dry Bite
IMB = Intermediate Mbisture Bite
R = Rehydratable
RSB = Rehydratable Spoon Bowl
= Wet Pack _

WP



MEAL -

Day 1%, 5%% 9  ]3%*
A Peachest WP
. Scrambled Eggs RSB

k%
% & &

D8
Ima

RSE
We

$89

RC

Bacon Squares(8)
Grits _
Orange Juice
Cocoa w/K
(+Peaches-Day 13

Chicken & Rice Soup

Hamburger &
White Bread(1)
Pears

“Instant Breakfast

Cereal Bar

Citrus Beverage w/K

Cream Tomato Soup

INB
RSB

R
B R
RSB)

RSB -

WP

IMB

R
DB
R

RSB

Spaghetti/Meat SauceRSB

Peach Ambrosia
Brownies (4)
Pecans{6)
Cocoa w/K

Meal C onTy
Meal A only
Meal B and C only
ODry Bite
Rehydratable

Wet Pack

[T | S T | IR E I I 11

RSB
DB
D8

R

Rehydratable Spoon Bowl

TABLE 35

'APOLLO 16 CSM MF‘U‘"TEDR' JOHN W. YOUNG)

‘Day 2, 10

Fruit Cocktail
Sausage Patties

Spiced fFruit Cereal RSB

Orange Juice
tocoa w/K

Corn Chowder
Turkey & Gravy
Vanilla Pudding
White Bread(1) &
Feanut Butter .

Apple Food Bar(2)
Orange Drink w/K -

Cream Potato Soup
Frankfurters(4) .

-Chocolate Pudding

Orange-Grapefruit
Dyink w/K

Intermediate Moisture Bite

Skylab Beverage Dispenser
Rehydrat;b1e Can

RSB

Day 3, 11
R Peaches RSB
R Scrambled Eggs RSB
Bacon Squares(8) IMB
R Grits . RSB -
R 0Orange Juice R
‘ Coffee {Day 11} w/K R
Cocoa w/K . R
RSB Lobster Bisque RSB
- WP Bread Rye (2) A
WP  Tuna Spread o WP
Cherry Food Bar(2) IMB
WP Graham Cracker -~
IMB Cubes (6) .DB
R Cocoa w/K ' R
Romaine Soup RSB

WP Beef Steak . WP

RSB Chicken & Rice - RSB
B Pin. Fruitcake(4) DB
R Pecans (6) _ 0B
Grape Drink w/K - . R

3B- SKYLAB MEAL

Turkey & Rice Soup RC

- Rye Bread (2)

Chicken Spread (1/3) WP
Peaches | WP
Peanuts CAN
S/L Grapefruit CrystaTs SBD

w/K

Day 4,;8***;J§2
. [ &

Mixed Fruitt WF
Ham Steak ' WE
Cornflakes RS
White Bread(1). Je1]y++ CWE
Orange Ju¥¥aes _ Fi
Cocoa w/K ";* ' Fy

(+Fruit Cockéuil-Day 12 R,
(++De1ete on Day 12)

Pea Soup - :
Meatballs w/Sauce : WE
Lemon Pudding+ ©WE!
Sugar Cookies(4) -0 DE
Peaches - Kz

Orange-Grapefruit Drk w/k F
{+Fork & Scalloped

Potatoes-Day 8 & 12  RSE
Beef & Gravy - WF
Chicken Stew .RSE
Butterscotch Pudding RSE
Chocolate Bar: pe
Gingerbread (4} . . BB

Citrus Beverage w/K 'R



MEAL

TABLE 36.
Day 5 Day 6
Cream Tomato Soup RSB A Peaches (39 g)
Pye Bread (2) . Ham Steak

Tuna Spread

Scrambled Eggs

-Apple Food Bar (2)IMB  Cinn. Toasted Bread
Chocolate Bar - DB Cubies (6)
Orange-Grapefruit Instant Breakfast

Beverage R Grapefruit Drink

Shrimp Cocktail
Turkey & Gravy -
Chocolate -Pudding RSB

- Graham Cracker
Cubes (6} DB
Cocoa '
Citrus Beverage R

In-Suit Food Bar Assembly

In-Suit Beverage Assembly

Spoon Assembly (2)

- Germicidal Tablets Pouch (4 )
) Germ1c1da1 Tablets Pouch (2 )

DB
IMB
R
RSB

. WP

m W u

[

RSB B
WP

Pea Soup

- Pears

R ° Cereal Bar
Beverage

‘Cocoa

6 ea
4 es
T ea
1 ea
1 ea

Dry Bite

Intermediate Mpisture Bite
Rehydratable

Rehydratable Spoon Bowl
Wet Pack

Salmon Salad™ .
Frankfurters (4)
Peach AmerSJa

P/N:
P/N:
P/N:
P/N:
P/N:

Apricot Food Bar (2)1Mﬁ

Orangeﬁﬁrapefruit,

APOLLO 16 LM MENU (CDR, JOHN W. YOUNg)

Day 7 . Day 8
IMB A Peaches{39 g) IMB A Peaches(39 g) . IMB
Wp Beef Steak WP Ham Steak WP
RSB ~ Bacon Squares {8) IMB  Scrambled Eggs RSB
Spiced Fruit Cereal RSB Cereal Bar 03
0B Instant Breakfast R Apricot Cereal Cubes(s) CE
R Grapefruit Drink R Orange Beverage o R
R "Cherry Food Bar (2) IMB Cocoa ' R
RSB B Romaine Soup RSB -
"RSB  Tuna Salad , RSB - T
WP  Meatballs w/Sauce , WP
RSB Chicken & Rice RSB _
IMB  Butterscotch PuddingRSB '
DB Gingerbread (6) DB
' Citrus Beverage - R
R + Cocoa R
R
-0144-01
~-02166



TABLE 37.

APOLLO 16 CSM MENU (LMP, CHARLES M. DUKE)
MEAL | Day 1*, 5** g, 13** Day 2, 10 Day 3, 11 Day 4, B8*** 12
A Peachest WP Fruit Cocktail - R Peaches RSB Mixed Fruit® WP
~Scrambled Eggs RSB Sausage Patties R Scrambled ‘Eggs RSB  Ham Steak 7 WP
Bacon Squares(S) IMB Spiced Fruit Cereal RSB Bacon Squares (8) IMB  Cornflakes : RSB
Grits RSB Orange Juice R Grits , RSB White Bread {1) Jelly++ WP
Orange Juice R Cocoa-w/XK. . R Orange Juice -~ R Orange dJuice R
Cocca w/K ' R ' . ‘ - Cocoa wW/K R Cocoa w/K ‘ R
(+Peaches-Day 13- RSB) : (+Fruit Cocktail-Day 12 R)
| ‘ (++Delete on Day 12) i

B Chicken & Rice SoupRSB  Corn Chowder RSB Lobster Bisque RSB Pea Soup : RSB
Hamburger & Turkey. & Gravy WP Bread Rye (2) Meatballs w/Sauce = WP
_ White Bread (1) WP  Vanilla Puddin WP "Tuna Spread WP Lemon Pudding+ WP
Pears . INB  White Bread (1? & Cherry Food Bar (2) IMB  Sugar Cookies (4) ‘DB
Inst. Breakfast R Peanut Butter WP  Graham Cracker Peaches - IMB
Cereal Bar : DB Appie Food Bar{2) IMB Cubes (6) DB Orange-Grapefruit Drk w/K R
Citrus Beverage w/K R Crange Drink w/K R Citrus Beverage w/K R (+Pork & Scalloped
' . : ' Potatoes-Day & & 12 RSB )

: { ,

C Cream Tomato Soup RSB  Cream Potato Soup. RSB Romaine Soup RSB Beef & Gravy WP
Spaghetti/Meat SauceRSB  Frankfurters (4). - WP. Beef Steak. - . . WP Chicken Stew RS8
Feach Ambrosia RSB o Chicken & Rice RSB Butterscotch Pudd1ng RSB
Apricot Cereal , Choco]ate Pudding RSB Pin, Fruitcake (4) DB Chocolate Bar _ D8

Cubes (4) _ DB Orange-Grapefruit Pecans (6) DB Gingerbread (4) o
Pecans (6) - DB Prink w/K R Grape Drink w/K - R Citrus Beverage w/K R
- Cocoa w/K R , v - -
* Meal C only 3B SKYLAB MEAL
** lieal A only ‘ Turkey & Rice Soup RC
*** Meal B and C only Rye Bread (2)
‘ Chicken Spread (1/3) Wp
DB = Dry Bite Peaches : ' WP
IMB = Intermediate Moisture Bite - Peanuts CAN
R = Rehydratable . S/L Orange Crystals w/K SBD
RSB = Rehydratable Spoon Bow]l .
WP = Wet Pack
RC = Rehydratable Can

58D

Skylab Beverage Dispenser




Day 5
Cream Tomato Soup RSB
“Rye Bread (2)
Tuna Spread WP
Aople Fcod Bar (2)IMB
Chocolate Bar DB
Orange-Grapefruit '
Beverage ‘ R
Shrimp Cocktail RSB
Turkey & Gravy Wp
Cnccolate . Pudding RSB
Graham Cracker
Cubes (6) DB
- Cocoa ' R
€itrus Baverage R
DB = Dry Bite
IMB =
- R = Rehydratable
~ RSB =
= Wet Pack

- WP

TABLE 38,

Intermediate Moisture Bite

Rehydratable Spoon Bowl

APOLLO 15 LM MENU ([ MP, CHARLES M.

Rr’

DUKE)
Day 6 Day 7
A Peaches {39 g) IMB A Peaches (39 g) 1MB
Ham Steak _ WP Beef Steak Wp
Scrambied Eggs RSB Bacon Squares (8) IMB
Cinn. Toasted Bread Spiced Fruit Cereal RSB
Cubes (6) D5 Instant Breakfast R
Instant Breakfast R Crange-Grapefruit
Orange-Grapefruit = : Beverage R
Beverage . - R Cherry Food Bar (2) IMB
Lemon Food Bar {2) IMB
B Pea Soup RSB Romaine Soup: . RSB
Salmon Salad - RSB Tuna Salad ~ ., RSB
Frankfurters (4} WP Meatballs w/Sauce., WP
Peach Ambrosia RSB Chicken & Rice - ° RSB
Pears : 148 Butterscotch PuddingRSB
Cereal Bar DB Gingerbread {6) DB
Citrus Beverage R Citrus Beverage ' R
Cocoa -

Cocoa R

: D'a 8 |

‘A Peaches {39 Ig) 1ME
Ham Steak WF
Scrambled Eggs- RSE
Cereal Bar 0E

Apricot Cereai Cubes(s) bt
. Orange Beverage : R

Cocoa —_— - F
P _



_(cmp,

THOMAS K. MATTINGLY) .

Day 4; 8, 12

Mixed Frui..t+

Ham Steak -

“Cornflakes

WP

NP

SB
White Bread (1), Jelly++ WP

Orange Juice
Coffee w/K

- (+Fruit Cocktail-Day 12

(++De1ete on Day 12

-Pea Soup

Meatballs w/Sauce

‘Sugar Cookies (4)‘

Apricots
Orangeﬁﬁrapefru1t Dr1nk

(+Pork & Scalloped
Potatoes-Day 8 & 12

Beef & Gravy’

Chicken Stew - o
Butterscotch Pudding
Chocolate Bar
Gingerbread (4)
Citrus Beverage w/K

TABLE 39. APOLLO 16 CSM MENU
MEAL Day 1*, 5, 9, 13*. Day 2, 6, 10 - ‘ Day 3, 7, 11 .
- A Peaches*t o WP Fruit Cocktait R Peaches RSB
~ .’ Scrambled Eggs RSB Sausage Patties R Scrambled Eggs RSB
_‘Bacon Squares(8) IMB  Spiced Fruit Cereal RSB Bacon Squares (8) IMB
Orange Juice R Orange Juice R Grits RSB
Coffee w/K R Coffee w/K R Orangdge Juice - R
(+Peaches-Day 13 RSB) T Coffee w/K : R
B Chicken & Rice Soup RSB Corn Chowder RSB Lobster Bisque RSB
Hamburger & ‘ Turkey & Gravy . WP  Bread Rye (2)
White Bread(]) WP Vanilla Pudding . WP Ham Spread (Day 7) WP
Pears | IMB  White Bread (1) &  “Cherry Food Bar (2) IMB
Instant Breakfast R Peanut Butter WP Graham Cracker ‘
Cereal Bar DB Apricot Food Bar (2)IMB - Cubes (6) " DB
Citrus Beverage w/K R QOrange Drink W/K R Cocoa w/K R w/K
. : - , Tuna Spread {(Day 11) WP
€ Cr. Tomate Soup RSB Cr. Potato Soup . RSB Romaine Soup RSB
" Spaghetti/Meat ‘Frankfurters (4) WP Beef Steak WP
Sauce RSB Chocolate Pudding RSB Chicken & Rice RSB
Peach Ambrosia RSB Orange-Grapefruit Pineapple Fruit-
‘Brownies (4) o DB Drink w/XK R cake {(4) DB
Pecans (6) DB ' Pecans (6) DB
Cecoa w/K _ R Grape Drink w/K R
* C oo ' 3B SKYLAB MEAL
**q:g} A 02}5 Turkey & Rice Soup RC
Rye Bread (2) , '
DB = Dry Bite . Chitcken Spread {1/3) WP
IMB = Intermediate Moisture- B1te Peaches WP
R.= Rehydratable Peanuts CAN
RSB = Rehydratable Spoon Bow] S/L Grapefruit: CrystaTS SBD
WP = Wet Pack - w/k oo .
RC = Rehydratable Can
SBD = Skylabk Beverage Dispenser .

RSB i

WP §
RSB |
RSB
DB §

i




. TABLE 40

Cheese Cracker Cubes (4)

*Stowage locations TBD

+ APOLLO 16
N - PANTRY STOWAGE ITEMS
' BEVERAGES QTY SOUPS/SALADS/MEATS . g_Eu
~ Cocod ' e Salmon Salad 3
Coffee (B). 16 Tuna Salad _ 1 3
Instant Breakfast g Shrimp Cocktail 3
Grapefruit Drink 6 Romaine Soup 13
Orange Beverage 6 - Potato Soup 3
Orange-Grapefruit Beverage 6 Pea Soup 3
Orange Juice 12 -
Orange-Pineapple Drink w/K 6 Spaghetti w/Meat Sauce 3
. Chicken Stew 3
| | ‘
BREAKFAST ITEMS ' SANDWICH SPREADS
Bacon Squares (8) 3 Peanut Butter 3
Spiced Fruit Cereal 3 Jelly 3
Cornflakes 3 Ham Salad 1
Scrambled Eggs 6 ‘
Grits ' 3 Catsup* 7
Peach Ambrosia 3 Mustard¥* 7
Sausage Patties 3 : '
SNACK ITEMS ACCESSORIES
Pecans (6) 3 Wet Skin Cleaning Towels g
Apricots (IMB) (38.5 g) b Contingency Feeding System
Peaches (148) (39 g) 8 - 3 Food Restrainer Pouches
Pears (IMB)- (42 g) : : 6 3 Beverage Packages
- Apricot Feod Badr (1) (26 g) g 1 Valve Adapter: {pontube)
Apple Food' Bar (]) (26 g) 9 " Germicidal Tablets
"Lemon Food Bar (1) (26 g) g " Index Card
Cherry Food Bar (1) (26 g) 9 ' :
Cereal Bar 6
Chocolate Bar 3
Sugar Cookies (4) 3
Graham Crackers (6) 3
3



——pL
LR P

R

B AUCLLO 17 Con 114 MENU Fur 12 A, Cernan, CDR
Heal Day 1*, 5, 9**%*, 13 Day 2, 6**, 10, 1l4*%* Day 3, 11
A Bacon Sguares (8) IMB Spiced Oat Cereal RSB Scrambled Eggs RSB
Scramblcd Eggs RSB Sausage Patties " R Bacon Squares (8) IMB
Cornflakas RSB Mixed Fruit we Peaches - ‘WP
Peaches RSB Cinnamon Toast Bread (4) DB Pincapple GF Drink - R
Orange Beverage ‘R Instant Breakfast ' R  Cocoa w/K R
Cecoa . R Coffee w/KX R '
B Chicken and Rice Corn Chowder RSB Lobster Bisgue RSB’
Soup RSB Frankfurters . - wp Peanut Butter 139
Meatballs and WP . Bread, white (2) ‘ Jelly we
Sauce Catsup WP  Bread, white (1)
Fruitcake _ WP Apricots IMB  Chocolate Bar- ~ IMB
Lemen Fudding WP Crange GF Drink R Orange GF Drihk w/K- R
Orange P/A Drink R o : :
C Totato Soup RSB Turkey ané Gravy - WP  Shrimp Cocktail - RSB
” Beef and Gravy WP Pork & Potatoes RSB = Bezf Steak’ WP
Chicken Stew RSB Brownies (4) DB Butterzcotch .
Ambrosia, Peach RSB Qrange Juice R Pudding RSB
Gingerbread (4) DB Lemonade R Peaches | ' IMB
Citrus Beverage R : Orange Drink w/K R
*  Meal C only
** Meal A only
**% Mcals B and C only
D3 = Dry Bite IMB' = Intermediate Moisture Bite
R = Rehydratable RSB = Rehydratable Spoon Bowl
P = Wet Pack Ir = Irradiated ‘

1%
- Day &,

12
- I |
Sausage Pat ies R.
Apr1$ot Cerbal \
Cubes {4y % DB -
Fruit Cohktéll R
Pears I¥B
Cocoa w/K R
Coifee 'R
Chicken Soup RSB
- Ham {(Ir) WP
Cheddar Cheese
Spread we
Bread, Rye (l) .
Cereal Bar IMB
Orange Beverage " R
Tomato. Soup RZ3
Hamburger WP
Mustard - WP
Vanilla
Pudding . ‘WP
Date Fruitcake
{4y IMB
Orange P/A
R

Drink w/K



- TABLE 42

Meal Day €

-t

:E’ ML\ I:l\ {

APOLLO 17 - LM 12 MENU,.Eugene A. Cernan, CDR

Day 7 Day 8 Day 9 -

B Corn Chowder RSB A Scrambled Eggs RSB A Sausage Patties R A Bacon Squares (38} IMB
Prankfurters . wWe Bacon Sguares {(8) IM3 Apricot Cereal Cubes DB Scrambled Eggs RSD
Bread, White (2) Peaches IMB (6) Cornflakes RSE
Catsup . WP  Peanut Butter WP Fruit Cocktail " R Beef and Gravy WE
Apricots IMB Jelly _ _ wp Pears IMB  Fruitcake WE
Orange GF Drink R  Bread, White (1) Cercal Bar IMB . Peaches RSEH
Tea R ° Chocolate Bar - IMB Cheese Cracker Cube Cocoa )3
Lemonade R Pineapple CGF Drink R (4) a : DB. Orange Beverage K

Orangs GP Drink w/K ‘R Ham (Ir) Wp Tea - ' B
Cocoa w/K R Cocoa ': " R -
Tea R Tea R
Spiced Oat Cereal RSB
Lemonade . R
¢ Spaghetti & Meat B Chicken and Rice RSB B Lobster Bisque RSB
Sauce : - RSB Shrimp Cocktail - RSB Hamburger WP
Turkey and Gravy ‘WP  Beef Steak WP Mustard - . WP
-Pork and Potatces RSB- Beef Sandwiches (4) - DB Cheddar Cheese,
Brownies (4) »B  Butterscotch Pudding REB Sprecad WP
Crance Beverage R Graham Cracker Cube DB Bread, Rye (l) o
Tea R (6) Date Prultcake (4) IMB
. Orange Drink /K "~ R Orange PA D¥ink w/K R
Tea ' R - Orange Beverage R
' Tea _ ‘ R

In-Suit Food Par Assembly 6 ea P/N: SEB 13100218-301

In-Suit Drinking Device 4 ea P/N: 14~0151-02

Scoon Assembly (2) 1 ea P/N: 14-0144-01

armicidal Tablets Pouch (42) 1 ea P/N: 14-02166-

Germicidal Tablots Fevch (20} 1 ea B/N: 14~
\DB = Drv Bite IMB = Iﬁl“r““uiitﬁ Moisture Bite
E - = Rehydratable K55 = Rohyiratdble Spoon Eowl



~al Dav 1*, 5,

o sy
P R

TABLE 43

APOLLO 17 CSM 114 MENU, Hevrifes H. Schmitt, LM

9*}‘:*' i3

A

v¥)

Eacon uqdarcs {8}
Scrambled Eggs
Cornflakes
Anricots .

Cocoa

Chicken & Rice
Qo*n .
Moaths 115 W/
Sauc
Fruitcake
Lomon Pudding

Citrus Deverage

(]

*
L]

" Lernonade.

Bzef and Gravy
Chicken Stew
Anbrocia
G*rac*o*ead (4)

InB

REB

REN

I
R

RSB

WP
e

kS

WP

R

WP
RSB
RSB

DB

Grupe‘rulh Drink:w/K R

.

Meal C only
Meal A only

**% Mealg B and C only

™
o

T

frin

Dry Bite IMB
Rehydratable RSB
‘Wet Pack - Ir

fl !I H

Day 2, &%*%,

10, 14**

'Sau?age FPattics
Cinnamon Toast Bread

Mixed Fruit
Instant Zreakfast

. CO"-{“:G:h w/K

Corn Chowder
Frankfurters

Bread, White {2)
c:..tah") .
Chocolate Puddlng'

Crange GF Drink w/X

Turkey aﬁd‘Gravy ‘
Pork and Potatoes.
Carmel Candy

« Orange Juice

R
(4) DB
WP

R

R

RSB
WP

WP
RSB

wWp -

RSB
IMB

Intermediate %o;sture'Blte.
Rehydratable Spoon Bowl
Irradiated

Day 3. 11

Scrambled Eggs
Bacon Squares (8)
Peaches

Crange P/A Dr. w/K
Cocoa

DPotato
Peanut
Jelly .
Bread, White, (1)
Cherry Bar (1)

Crange GF Dr w/K

Soup
Buttex

Shrimp Cocktail
Beef Steak -
Butterscotch
Pudding
Peaches )
Orange Drink w/K

O pay 4,12

RSB -
IMB

we

RSB

WP .

IMB

. RSB

wp

RSB

IMB
R

 Tomato Sdup

Sausage. Pattie% R
Grits . REB
Pe=aches - REB
Pears , IMB
Pincapple GF .
Drink ' R
Coffge w/K R -
Chicken Soup REB
Ham (Ixr}) . ¥P
Cheddar Cheese
Spread wWe-
Bread, Rye 1)
Czreal Bar-. IM¥B

,Orgnge Drlnk w/K R

RSB
Hamburger - WP
Mustard - WP

Vanilla Pudding WP
Chocolate Bar.. IMB
Grape Drink w/k R



TABLE 44
APOLLO 17 = LM 12 MENU, Harrison H. Schmitt, LMP

Meal  Day_ 6 ) Day 7 - ' Day 8 . ~ Day 9

3 Ccorn Chowder REBR A Scrambled Fggs RSB A Sausage Patties R A Bacon Squares
Frankfurters = WP Bacon Sguares (8) - - IMB Sgiced Oat Cereal RSB B (8} - IMB
Bread, White ({2) ~ Peaches ' CIMB . ~Pcaches . RSB Scrambled EggsRIb
Catsup WP - Pzanut Butter o WP Paals IMB - Ceornflakes REE
Chocolate Pudding RSB - Jelly WP Cercal Bar. SIMB Apricots ~INB
Crange GF Drink R Bread, Whlte (1) o _ Gingerbread . DB Cocoa. . R
Tea R Orangs GF Dllnk w/K R _Ham {Ir) WP Tca - R
Lemonade R Cocoa w/K ‘ R Pincapple GF Beef and

- Tea R Drink R Gravy 134
F*ult Cocxtall R Tea : . R . Fruitcake ¥pe
C Turkey and Gravy WP B Chicken & Rice . RSB B Potato Soup "RSB
Pork and Potatoes RSB - Shrimp Cocktail RSB Hamburger | - WP
Carmel Candy IMB Beef Steak WP Mustard | ‘ WP
Orange Beverage R - Beef Sandwiches (4} - DB Cheddar Cheese '
Tea R - Butterscotch Pudding RSB - Epread WP
. - ' Graham Cracker Cube(€) DB ‘Bread, Rye (l) ‘
Orange Drink w/K = = R : Chocolute Bar IMB
Orange P/A Drink R Banana Pudding  REB
Tea ' R ‘QOrange Drink w/K R
‘ Grape Drink w/K R

Tea : R

1



_Meal Day 1*, 5?;9{ 13

A

Bacon Sguares (8)

Scramkled Eggs
Cornflakes
Apricots
Orange Juice

Chicken & Rice

Soup :
Meatballs w/Sauce
Fruitcake

-Butterscoteh

- Pudding
Orange PA Drink

Potato Soup
Beef and Gravy

" Chicken Stew

Ambrosia
Brownies (4)
Orange GPF Drink

Meal C only
"Meal A only

Dry Bite
Fahydratable RE
Wet Pack Ir

H T

IMB

TABLE 45

APOLLO 17 CSM 114 MENU, Ronald E, Evans, CMP

IMB
RSH
RE3
IMB

RSB

WP
WP

RSB
WP
RSB
RSB
DB

Day 2, 6, 10, l4**

Spiced Oat Cereal

Sausage Patties
Mixed Fruit
Instant Breazkfast
Coffee w/K

. Frankfurters

Bread, .White (2)
Catsup .
Pears . ‘

Chocolate Pdhding L

Grape Drink w/XK

Corn Chowder
Turkey & Gravy
Chocolate Dar
Orange Beverage

Intermediate Moisture Bite
Rehydratable Spcon Bowl
Irradiated : :

RSB

WP

WP

WP

IMB

RSB

RSB
WP

IMB

Day 3, 7, 11 . '

Scrambled Eggs ' RSRH
Sacon Squares (8) IMB

Peaches WP
Cinnanén Toast

Bread (4) DB
Orange Juice- R
Cocoa w/K - R
Lobster Bisque - RSB_
Peanut Buther . WP
Jelly L - WP
Bread, White (1)
Cherry Bar (1) IMBE .

‘Citrus Beverage w/K R

 Shrimp Cocktail RSB

Coffee w/K - R
Ham ({Ir) WP
Cheddar Cheese
- Spread - we
—Bread, Rye (1} ‘
Paaches _ RSRE
Cereal Bar 1MB
Orahge PA
Drink w/K . R
‘Tomato Soup RSB
Beef Steak WP Hamburger WP
Butterscotch Pud- Mustard . . WP
. ding " RSB " Vanilla Pud- ‘
Orange Drink w/K R . ding . we
' " Sugar Cookies
4} - DB
"Carmel Candy IMB

Day 4, 8, 12

Sausage . R
Grits RSB
Fruit Cocktail R
Crange Beverage R

- Grape Drink w/K R



TABLE 46

APOLLO 17 PANTRY STOWAGE ITEMS

‘BEVERAGES

Coffee (B).
Tea '
.Grape Drink
Grape Punch

SNACK ITEMS

Bacon Squares (4)

" Apricot Cereal Cubes (4)
Brownies (4) '
Gingerbread (4) .
Graham Crackers (4)
Jellied Candy

Peach Ambrosia

Pecans (6)

Fruitcake (179}

Sugar Cookies (4) -
Apricots (IMD}

Peaches (IiB)

Pears (IMB) .
Chocoldate Bar (IMB)

Tuna Salad Spread (WP)
(Small Cans)

Catsup (WP)
Salt Packets

ACCESSORIES

Contingency Feeding System:

P/N: SEB 39104484-301
Gernicidal Tablets (42)

S/L Beverage chpenser

Contingency Beverages
(For Contingency Use only)
15 Instant Breéakfast

5 Pineapple Orange Drink

oty
20
20 .
10
10 P/W: 14-02166
Index Card
(empty)
5 Orange Drink
" § Lemcnade
9.
]
-3
-3
6
6
3
)
3
6
3
3
3
3
2
3
6

| 2o

30



TABLE 47. AVERAGE DAILY IN-FLIGHT NUTRIENT

INTAKES DURING APOLLO FLIGHTS

Cal- Crude L o
) Days ories N Protein Fat CHO Fiber Ash Ca P Fe Na K Mg
g g g g g g mg mg mg Mg mg .mg
Apollo 7 10 . |
Schirra, CDR 19700 12.96 81 72 259 16 644 1060 8 3810 1879 192
Cunningham, LMP 1800 11,84 74 56 268 14 925 841 /7 - 3480 1336 141
Eisele, CHP - 2140 15.36 96 78 280 18 938 1125 . 9 4000 1958 185
Acello 8 . - 6 | | o —
Borman, CDR 1480 9.4 59 39 231 2.1 ‘11 427 847 _5 3170 1229 113
fnders, LMP 1340 8.32 52 33 217 1.8 10 366 760 5 2730 . 986 . 97
Lovell, CMP 1690 12.80 80 49 240 - 2.4 15 479 983 7 3980 1571 145
Apollo 9 10 I
McDivitt, CDR 1920 . 13.76 86 60 280. 2.9 15 562 1146 7 4000 1677 * 157
Schweickart, LMP 1640 . . 10.56 - 66 47 252 2.5 13 494 892 6 -3410 1386 129
Scott, EMP 1720 12.48 78 53 240 2.5 14 489 1073 6. 3770 1708 146
Apollo 10 8 . o . -
Stafford, COR 1350  9.28 58 34 213 ' 3.836 814 6 2970 1463 107
Cernan, LMP 1250 7.84 49 30 208 3 854 701 5 2670 1182 96
Young, CMP 1260 7.36 46 30 . 213 3 808 746 5 2290 1376 104
Apollo 11 8 o |
frmstrong, COR 2040 12.64 79 65 290 17 1036 1050 8 2770 1751 138
Aldrin, LMP - 2280 15.04 94 73 322 19 1114 1225 9 3220 2061 166
Collins, CMP- 1640 11.36 71 54 . 224 '14. 851 901 7 2060 1441 119
Apollo 12 10
| 70 50 263 4.6 16 1095 1090 9 3580 1835 119
ggg;ad[quR e 57 42 280 3.3 151201 965 7 3290 1484 108
PO (A 1670 10 an a5 29 sa0 3.9 15 10272 10728 € 3740 1685 117
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JABLE 47. AVERAGE DAILY IN-FLIGHT NUTRIENT INTAKES DURING APOLLO FLIGHTS (CONTI

v

iheo)

1 o
, | . : T I‘ 1\\
. Cal- - Crude | R RN "
Days ories - Ny ~Protein  Fat CHO Fiber Ash Ca P Fe Na' K Mg
g g g 9 g g mg mg mg mg mg  mg
Apollo 13 7 | ‘
tovell, COR 1580 9.44 59 50 239 4.6 15870 .780 8 3630 2036 107
Haise, LMP 1520 9.12 57 49 228 4.5 15 786 716 8 33500 1964 102
Swigert, CMP 1540 9.12 57 47 235 4.5 15 871 720 & 23480 1942 98
Apollo 14 8 . _ | o _
Shepard, CDR 2310 14.40 .90 - 76 309 4.0  20° 802 1308 11 4870 2485 181
Mitchell, LMP 2330 12.96 . 81 - 89 . 319 4.3 20 843 1304 11 4750 2576 192
Roosa, CMP 1720 12.64 79 © . 61 230 3.2 17 809 1109 . 8 3780 2147 149
Lpollo 15 1 o |
Scott, CDR 2093 20.16 126 115 356 8.2 26- 810 1914 16 6529. 3554 .270 -
Irwin, LMP 2572 .17.44 109 . 94 334 7.9 27 790 1636 13 5131 2923 219
Worden, CMP 2492 16.00 100 - 89 421 7.2 21 748 1624 12 5274 2720 210
ApoTlo 16 11 f |
Young, CDR. 1610 . 14.08 88 73 319 6.2 20 821 1748 14 4077 4456 238
Duke, LMP 1632 12.64 79 60 295 5.3 19 618 1419 13 3568 4170 212
Mattingly, CMP 1226 8. 32 52 50 203 3.1 12 477 1050 8 2719 3191 159
Apollo 17 12
Cernan, CDR 1902 © 14.08 - 88 68 248 3.9 19 674 1440 14 6004 3009 189
Schmitt, LMP 2148 13.92 87 87 293 5.3 19 705 1525 15 23825 3451 211
2402  15.68 98 104 314 5.3 22 727.1640 16 4590 242

Evans, CMP

3826



T.1. No.-
001
002
003
 003-A
004
005

. 006

007

008

009

010

011

012
013
014 -
015
016
016
Attach-
ment #1
017
018
020
021

025

;ﬁ\ P ) N .

~ TJABLE .48

- PRODUCTION GUIDES FOR THE APOLLO FOOD_SYSfEM

Title
Chicken and'RiEe Soup
Inétant Orange Juicé
Mobile anrantine'Facinty Fdod Procurehent
Apollo Preflight and Postflight Food Procurement

Frozen Food for Lunar Receiving Lab

Bread

Margarine .

“Ice Cream

Precooked S1iced Meat and Pou1try Products
Dried Apr1cots, Peaches and Pears

Frozen Meals for In f11ght Food System
Pecans . 7

Canned Peaches and Mixed Fruit

Beef Jerky

Pudding

Choco1até:Candy-Bars

Fruit Bars

'Edib1é Amj1omaize_3tarch Packagfng Film

Freeze—Dr{ed Soups _
Chocolate Flavored Space Food Bar
Peanut Butter Flavored Chocolate Ear

Instant Grits Product

“Instant Tea



| TABLE 49
COMPARISON 0F CALORIC EXPENDITURES AND INTAKES AND WEIGHT LOSS

APOLLO 7 THROUuH 12

A | , T i
B Mean €Oy Mean.Daily |Duration | Pilot | Total Weight '\\\ BodyWeight
Apollo | Expenditure Caloric of ‘Fh‘%ht Identifica- Mean Daily Loss ' % Loss Launch Day
Flight | BTU/Ar/man {Expenditure] (Days) |tion Code |Caloric Intake! (pounds)  Body Weight! (pounds)
7. 455 | 2752 10 | cor | T19s6 4.25 2.2 194
: \ | : | LMPp i 1804 6.50 4.2 156
, cMP 2144 10.00 6.4 157
8 | 388 2387 |- -6 | cor- 1477 . 8.50 5.0 169
_ - [ LmMp 1 1339 . 4,00 2.8 142 °
_ CHP . 1688 17 8.00 4.7 . 172
9 368 2226 10 COR | 1924 5.50 3.5 - | - 159
, LMP . 1639 © 6.00 - 3.8 159
' CMP 1715 5.50 3.1 178
10 | 339 2050 . 8 _COR 1346 . 2.50 1.5 171
LMP 1246 » 10.00 - 5.8 173
CNP 1265 b os.500 L a3l3 165
ST 413 2498 8 CDR 2040 8.00 4.7 172
: Lmp 2278 . 1.00° | 0.6 167
, | | cMp 1645 7.00 ° 4.2 166
12 375 . 2268 10 COR 1751 ~4.25 2.8 149
: LMp 1669 - 12.50 | 8.2 ! 152
CMP 1689 - 7.25 4.7 . 155
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The program for improving foods for use during space Hights
consists of mtroducmg new foods and food-handling techniques
on each successive manned space fight. Because of this con-
tinuing improvement program, the Apollo 14 food system was
the most advanced and sophisticated food system to be used in
the U.S. space program, The food system used during the Apollo
. 14 mission and recent space-food-system advances are described
and discussed in regard to their usefulness for future manned
space flights. -

THE MOST ADVANCED food system yet devel-

oped for space flight was used during the Apollo 14
lunar-landing mission. This system provided balanced
nutrition for the astronauts during all phases of the epic
accomplishments of the mission. Unique constraints
“were imposed on the food system by the variety of envi-
ronments and operational conditions that were encoun-
tered by the crewmen during this flight. To satisfy all
conditions, a wide variety of novel fopds, food-produc-
tion met_hods packages, and food—preparatlon modes
were used.

The long-standing objective for a food system for
manned space flight has been to provide the crewmem-
bers with appetizing, safe, nutritious, and convenient
food that is light in weight, small in volume, and com-
patible with the mission.**# Based on results of labora-
tory research and of simulated null-gravity studies of
foods during Keplerian trajectory flights in C-135 air-
craft, candidate foods and packages that appear to have
the desired characteristics for use during space flight
are selected. Then, candidate foods and packages are
used on an Apollo flight. As a result, a wide variety of
foods and dispensing techniques has been added to the
inventory of efficient and acceptable means for dietary
support of man in space. On each successive flight in the
U.S. manned space program, food-system improvements
have been introduced so that a logical sequence of pro-
gressive development has occurred from the earliest
concepts!®4 to the advanced food system of today.

The Apollo 14 food system incorporated many of the
advances in research and development that have been
accomplished in-space-flight food systems during the

past decade. These advances are indicative of the po- .

tential for future improvements. In this report, the
Apollo 14 food system is deseribed, and -some implica-
- tions for future food systems are discussed.

RESULTS AND DISCUSSION

- The use of Apollo 14 food system began shortly after
launch and continued during all phases of the mission.
The primary mission’ phases were the times the crew-
members occupied the command module (CM) in
flight, the lunar module (LM) on the lunar surface, the
Mobile Quarantine” Facility (MQF) during transport
from the recovery site in the South Pacific Ocean and
the Lunar Receiving Laboratory (LRL) at the \Ianned
Spacecraft Center (MSC) in Houston, Texas. For each
of these environments, a different set of constraints and
requirements was imposed on the food system.

Before launch each prime and backup crew member
conscientiously evaluated available flight foods and se-
lected preferred food items. These foods subsequently
were assembled into nutritionally balanced menus de-
signed to provide approximately 8800 kilojoules (2105
kilocalories} and 100 grams of protein per man per day.
The crew members were briefed on the spacecraft stow-
age, food- preparatlon procedures, and methods of waste
disposal. After donning his suit and before departing for
the launch pad, each crewman was supplied with a spe-
cially prepared frozen sandwich, a package of bacon
squares, and a rehydratable beverage. These foods were
overwrapped in fluorohydrocarbon material and placed
in a pocket of the space suit for consumption ad libitum
during the first eight hours after launch. The sand-
wiches were prepared in the MSC Food and Nutrition
Laboratory 72 hours before launch; quality control in-
spection assured that the sandwiches met all applicable
spacecraft and food-system requirements. If, for some
reason, microbiological safety standards had been vio-
lated, the frozen sandwiches would have been with-
drawn and the crew would have chosen replacement
items from the nominal mission foods.

During flight days 1 to 5, the physical appearance of
foods in the CM contrasted sharply to conventional
foods. The foods provided for each crewmember for
days 1 to 5 are listed in Tables I to 1II. Manufacturing
specifications for many of these foods have been re-
ported previously. New foods included for the Apollo
14 mission that had never been consumed in space were
lobster bisque and peach ambrosia, both rehydratable;
beef jerky in ready-to-eat bite-size picces; and diced
peaches, mixed fruit, and pudding, which are thermo-
stabilized. The thermostabilized items were packaged
in 201 x 208 aluminum cans with easy-open full-panel

Y - Reprinted from Aerospace Medicine, Volumme 42, Number 11, November, 1971



APOLLO 14 FOOD SYSTEM-SMITH ET AL.

TABLE I. APOLLO 14 MENUS FOR THE COMMANDER, DAYS I TO 5

Breakfast Lunch ) Dinner
Day Calories
Food Item Type* Food Item Type* Food Item ' Type® Per Day
bl and & Peaches RSB Chicken and Rice RSB Cream of Tomato Soup RSB . 1748
Scrambled Egrs RSB - Applesauce RSB Spaghem and Meat Sauce RSB .
Bacon Squares (8) M Chorolate Bar M Peach Ambrosia RSB
Grapefruit Drink RD QOrange-Crapefmuit Drink RD Cheese Cracker -- D -
Coffee, Black RD _ _ Cubes (4) -
. . . } Grape Drink RD
2 Fruit Cocktail RSB Turkey and Gravy T o Cream of Chicken Soup RSB 2272
Sausage Patties RSB Cranberry-Orange RSB - Frankfurters T . .
Spiced Fruit Cereal RSB ' Sauce Banana Pudding RSB
Orange Drink RD Pineapple Fruitcake IM Browniés (4) IM
Coffee, Black RD Grape Punch RD Pineapple-Orange Drink RD -
3 Peaches T Pea Soup : RSB Lobster Bisgue RSB 2157
Scrambled Eggs RSB - °  Bread Slices (2)¢ N§ Beef Stew RSB
Bacon Squares (8) M Sandwich Spread? T Beef Sandwiches (4) D .
Grape Drink HD Butterscotch Pudding RSB Caramel Candy M
Coffee, Black , RD Grapefruit Drink RD Oranpe-Grapefruit Drink RD
4 Mixed Fruit . T Chicken and Rice Soup, RSB , . Beef.aand Gravy T 2098
Canadian Bacon and RSB Meatballs with Sauce T Chicken and Vegetables RSB
Applesauce Lemon Pudding T . Chocolate Pudding RSB
Corflakes RSB Grabam Cracker , D Sugar Cockie Cubes (4} D
Pineapple- RD Cubes (4) : Grapefruit Drink RD
Grapefruit Drink Grape Punch RD -
Coffee, Black RD

2Definitions: KSB = rehydratable, spoon bowl; RD = rehydratable drink; IM = intermediate moisture; D = dehydrated; *
T = thermostabilized; NS = natural state. ’ ’

EDinner was eaten on day 1; brezkfast was eaten on day 5.

«Cheese, rye, or white.

4Chicken, ham, tuna salad, cheddar chesse spread, peanut butter, jelly.”

R TABLE II. APOLLO MENUS FOR THE LUNAR MODULE BILOT, DAYS 1 TO &

Breakfast Lunch - . Dinner

Day . Calories
Food Item Type* Food Item . Type* * Feod Item Type® Per Day
bl and 5 Peaches RSB Beef Pot Roast RSB Cream of Tomato Sdup RSB 1835
. Scrambled Eggs RSE Applesauce RSB Pork and Ecalloped - RSB
Bacon Squares (8) IM - Jellied Fruit Candy 1374 Patatoes
Grapefruit Drink RD 0mnge~Gr.\pefrult RD Peach Ambrosia RSB
Coffee, Black RD Drink : Cheese Cracker o
. . Cubes {4}
Grape Drink RD
2 Fruit Cocktail RSB ' Beef and Gravy T . Cream of Chicken Soup RSB 2139
. Apricot Cereal D Cranberry-Orange Sauce RSB Frankfurfers T
Cubes {(4) Pineapple Fruitcake {4} IM Banana Pudding - RSB
Spiced Fruit Ceteal RSB Grape Punch RD . Brownies (4) M
Orange Drink AD . Pineapple-Grapefruit RD
Coffee, Black RD Dirink
3 Peaches T Pea Soup " RSB Lobster Bisque RSB 2268
Scrambled Eggs RSB Bread Slices (2)¢ N§ Beef Stew RSB
Bacon Squares {8} IM Sandwich Spreadd T. Beef Sandwiches {4} b
Grape Drink RD Butterscotch Pudding RSB~ Apricots ™M
Coffee, Black RD Grapefruit Drink RD Caramel Candy M
. : . Cacoa - RD
4 Mixed Fruit T Cormn Chowder RSB Beef and Gravy T 2365
Canadian Bacon and RSB Meatballs svith Sauce T Potato Soup RSB
Applesauce Vanilla Pudding T Chocnlate Pudding RSB
Comflakes ’ RSB Chocclate Bar M Sugar Cookie Cubes (4) D .-
Pineapple- D Grape Punch D Pineapple-Grapefruit RD
Grapefruit Drink Drink
Coffee, Black RD -

} *Definitions: RSB = jehydratable, spoon bowl; RD = rehydratable drink; IM = intermedinte moisture; D = dehydrated;
T == thermostabilized; NS = natural state.
*Dinner was eaten on day 1; breakfast was eaten on d iy 3.
c<Cheese, rye, or white.
dChicken, ham, tuna satad, cheddar cheese spread, peanut butter, jelly.

1188 IAerospace Medicine » November, 1971



APOLLO 14 FOOD SYSTEM-SMITH ET AL.

pull-out lids. The foods available for the commander
(CDR) and the lunar module pilot (LMP) in the LM
are presented in Table IV. During the lunar-surface-
operation phase, the command module pilot (CMP)
continued his nominal menu with selection options from
the pantry. The foods for the transcarth flight (days 6
to 10) are given in Table V. : :

The average weight and storage volume per man per
‘day for the Apollo 14 food and package were 1,125.9
grams (2.48 pounds) and 3,083 cubic centimeters (188
cubic inches), respectively. Comparable {weights and
volumes of food for the Apollo 7 and 10 missions were
8717 grams (1.92 pounds) and 1,026.2 grams (2.26
pounds) and 2558 cubic centimeters (156 cubic
inches) and 2,919 cubic centimeters (178 cubic inches),
respectively, Optimum utilization of weight and velume
was attained during the Apollo 7 mission by using a
high proportion of rehydratable food. Trade-off studies
always will favor a predominance of rehydratable food
in the food system as long as water is available from fuel

- cells and as long as weight savings for the food can be

translated into payload.

The system-design experience from the Apollo Pro-
gram is being used for the development of advanced-
mission food-systerm weight-and-volume design criteria.
For example, the weight and volume per man per day
are relatively high in the Skylab Program food system,
which is designed for prolonged flight periods of as
many as 58 days. The food weight and volume figures

inches) per man per day are specified. Criteria for ex-

. cellent vehicle-payload advantage and for maintenance

predicted for Skylab, which is scheduled for earth-orbi-
tal flight early in 1973, are 1,905.1 yrams (4.2 pounds)
and 5,629.0 cubic centimeters (343.5 cubic inches) per
mar per day. This is more than twice the weight and
volume of the Apollo 7 food.system, In contrast, the
food system for the space shuttle, which is planned for
launch in 1975, is being designed for maximum flights of
5 days, and weights and volumes of 907.2 grams (2.0
pounds) and 4,096.8 cubic centimeters (250 cubic
of the highest food quality by maximum utilization of
freeze-dried foods are included in the design specifica-
tions for the space shuttle food system.

Most of the foods used during the null-gravity phases
of the Apollo 14 mission were stored, rehydrated, and
served in spoon-bowl packages (Figure 1). Considera-

" Dble research and development went into the successful

design of this flexible spoon-bowl package, which allows
food consumption during weightlessness in a more con-
ventional manner. The astronauts rehydrate the food by
injecting hot or cold water, as appropriate, into the
package by using a water gun inserted through the one-
way spring-loaded water valve. Foods intended for con-
sumption while hot are rehydrated with hot water (a_p-
proximately 66°C), and cold foods are rehydrated with
cool water (approximately 7°C). The water is derived
as a byproduct of electrical-power generation in the
spacecraft fuel cells. After the food is rehydrated with

TABLE IIL. APO};.LO 14 MENUS FOR THE COMMAND MODULE PILOT, DAYS 1 TO §

Breakfast Lunch - Dinner
Day } - Calories
Food Ttem Typet. Food Ttem Type* Food Ttem Type® Per Day
bl and 5 Peaches " RSB Pea Soup RSB Cream of Tomato Soup . RSB 2008
Scrambled Eggs " RSB Chicken Salad RSB Tuna Salad RSB
Bacon Squares (8} M .~ Turkey Dites {4) D Spaghetti and Meat " RSB
Orange Drink RD « Orange-Grapefruit Drink RD Sauce
. Cacna RD g Cheese Cracker D
- Cubes {4) ’
Orange Drink RD
2 Fruit Cocktail. RSB Cam Chowder RSB Potato Soup RSB 2128
Cinnamon Toasted D Turkey and Gravy T . _Meathalls with Sauce T
Bread Cubes (4) Cheese Sandwiches (4} D Chicken and Rice RSB
Pork and Scalloped RSB Pineapple-Orange RD Peanut Cubes (4) D
. Potatoes Drink ' Pineapple-Grapefruit RD
Orange-Grapefruit RD Drink
Drink
Cocoa RD )
3 " Peaches T ) Pea Soup RSB Laobster Bisque RSB 2013
Scrambled Eggs RSB Bread Slices (2)c NS Beef Stew RSB
Bacon Squares (8) IM Sandwich Spreadd T Fotato Salad ASH
Pineapple-Orange RD Creamed Chicken D Beef Sandwiches {4) s
Drink A Bites (8) Orange-Grapefruit RD
Cocoa RD Orange Prink RD - Drink
"4 Mixed Fruit T Chicken and Rice Soup RSB Beef and Gravy T 2138
Canadian Bacon and RSB Meathalls with Sauce T Shrimp Cocktail RSB
Applesauce ) Chicken Sandwiches (6) D Chicken Stew RSB
s Comflakes RSB Vanilla Pudding T Sugar Cookie Cubes {4} D
Orange-Grapefruit RD . Pineapple-Grapefruit aD Cocoa RD
Dirink Drink
RD

Cocna

sDefinitions: RSB = rehydratoble, spoen bowl; RD = rehydratable drink; IM = intermediate moisture; D = dehydrated;

T = thermostahilized; NS = natural state.
"Dinner was eaten on day 1.
*Cheese, rye, or white,

fChlckcu, ham, tuna salad, cheddar cheese spread, peanut butter, felly,

3
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APOLLO 14 FOOD SYSTEM-—SMITH ET AL,

TABLE IV. FOODS AVAILABLE ON BOARD THE LM

~.. . DURING LUNAR STAY*
Type® Per Meal
Day Meal Food Item Calories
1 Lunch Cream of Tomato Soup RSB 908
: Bread Slice NS .
Ham Salad Sandwich Spread T
Caramel Candy M
Pineapple-Grapefruit Drink RD
Grapefruit Drink RD
Supper Beef and Gravy T 875
Cheese Cracker Cubes (4) D
Apricots M
Butterscotch Pudding R5B
Orange-Grapefruit Drink nD
Grape Punch D
2 Breakfast  Peaches RSB 663
Bacom Squares {(8) ™
Sugar Coated Cornflakes RSH
Cocea RD
Orange-Pineapple Drink * RD T
Lunch Lobster Bisque ‘ RSB 880
Meatballs with Sauce . T
Checolate Bar ™M
Pineapple Fruitcake M
Grapefruit Drink RD

*Two and two-thirds man days {4 meals per crewmember).

®Definitions: RSB = rehydratable, spoon bowl; RD = rehydratable drink;
IM = intermediate moisture; D —dehydrated; T = thermostabilized; NS =
natural state,

a specified amount of water, the package is opened by

- cutting below the final heat seal with scissors. The con-

tents are eaten by using a conventional stainless-stegl
spoon. : .
Although dramatic progress has been made in the de-
sign of the packages for rehydratable solid foods, little
progress has been made in the design of packages for
rehydratable liquid foods. The propensity to flow ex-
hibited by bulk liquids in null gravity makes liquid
management a distinctly diffcrent problem than man-
agement of solid and semisolid foods. The rehydratable-
drink packages currently used for the Apollo missions
are shown in Figure 2. An intensive development pro-
gram is underway to modify the drink packages to make
them more convenient for the crewmembers to handle
during preparation and consumption. Testing of some
of the new drink packages will begin during the Apollo
15 mission. {
'A typical package used for the intermediate moisture
(IM) foods and for the dehydrated ready-to-eat bite-

“size foods is shown in Figure 3. The IM foods used dur-

ing the Apollo 14 mission were those for which water
activity was controlled to assure retardation of chemical
and microbiological deterioration while maintaining ac-
ceptable texture at the time the foods were-consumed.

TABLE V., APOLLO 14 CM PANTRY STOWAGE FOR DAYS 68 TO 10

Food Item Type* Quantity Food Item Type* Quantity
Beverages: Desserts:
Cocoa RD ] Applesauce RSB b
Coffee - RD 18 Banana Pudding ® RSB 2
Grape Drink RD 2 Butterscatch Pudding RSB 2,
Grapefruit Drink RD G Chacolate Pudding RSB 2
Grape Punch ‘ RD 2 Cradberry-Orange Sauce RSB 3|
Orange-Grapefruit Drink RD 3] Peachh Ambrosia RSB 4 {
Orange Juice RD 20 Total . 15
Pineapple-Grapefruit Drink RD 6 Salads and Soups: : .
Pineapple-Orange Drink RD 8 Chicken and Rice Soup ' RSB 2
Total : 70 Lobstér Bisque RSB 3
Breakfast items: ) Pea Soup RSB’ 3
Bacon Squares (8) ™ 12 Potato Seup RSB 3
Cinnamon Toasted Bread Cubes {4} D 3 Shrimp Cocktail RSB 2
Canadian Bacon and Applesauce RSB N 3 Tomato Soup RSB 3
Comflakes RSB 3 Tuna Salad RSB 2
Fruit Cocktail RSB 3 Total . 18
Sausage Patties RSB 2 Sandwich Spreads and Bread:
Scrambled Eggs RSB 6 Bread (Slice) NS 8
Peaches RSB 3 Catsup ’ NS 3
Spiced Fruit Cereal . RSB 3 Cheddar Checse (2 oz) NS 3
Apricot COIM 3 Chicken Salad (8 o0z) ’ - T 1
Peaches M 3 Ham Salad (8 oz) T 1
Total 44 Jelly NS 3
Cubes and Candy: : Mustard NS 3
Brownies (4) IM 2 Peanut Butter NS 3
Caramel Candy ™ 2" Tatal 23
Chocolate Bar M 2 Meats:
Creamed Chicken Bites (8) D 3 Beef Pot Roast RSB 3
Cheese Cracker D 8 Beefl and Vegetables RSB 3 -
Cheese Sandwiches {4) D 3 Beef Stew R5B 3
Beef Sandwiches {4) . - D 3 Chicken and Riee RSB 2
Jellied Fruit Candy . ™ 2 Chicken and Vegetables RSB 2
Beef Jerky M 3 Chicken Stew RSB 2
Peaput Cubes (4) NS 2 . Pork and Scalloned Potatoes RSB 2
Pecans (8) : ™ 3 Spaghetti, Meat Sance RSB 3
Pineapple Fruitcake M 2 Beef and Gravy T 4
Sugar Cookies (4) D a Frankfurters . T o
Turkey Bites (4) "D 3 Meatballs, Sauce T 4
Total g 139 Turkey and Gravy T L4
Total a2

rDefnitinns: ASRE = rechydritablie, spoon bowl: RD = r=hvdratahle drink;
{M = intermediate moisture; D = dehydrated; T = thermostabilized: N§ =
natural state. )
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APOLLO 14 FOOD SYSTEM—SMITH ET AL.

,A__‘_;._Thg__s&,I_M-»'fféﬁas characteristically are in equilibrium

and have water activities of 0.2 to 0.75 on a scale for

which water activity is expressed as the ratio of partial’

pressure of water in the food to the vapor pressure of

___pure water at the given temperature. The IM foods are

highly acceptable, nutritious, safe, and very easy to eat.

No. preparation for eating the IM foods is required other '

than removal of the food from the package. Additional
IM foods are under development for future flights. The
most popular IM items in the food-system inventory in-
clude jellied. fruit candy, pecans, peaches, pears, apri-
cots, fruit cakes, bacon squares, nutrient-defined cara-
mel-flavored candy sticks, and nutritionally complete
snacks. '

An excellent menu variety was provided by including
dechydrated ready-to-eat foods for the Apollo 14 mission.
In addition, the dehydrated foods, like the IM foods,
were convenient to eat during periods’ in which the
number of required mission activities was increased.
Historically, the bite-size dehydrated foods are the old-
est items in the space-flight food systems. These foods
and tubes of pureed fruit were the basic types of food
used during the Mercury space flights. The most ac-
ceptable and nutritious of these early food types have
been retained for use in contemporary and future space-
flight food systems.

.Thermostabilized foods are the newest food type to
be used in the space program. These foods open the
potential for the use of a much wider variety of foods
during space flights. Flexible or rigid packages are used.
The older package form is the flexible laminate of plas-
tic and aluminum foil that is opened by cutting with
scissors at either end and from which food is consumed
by using a conventional spoon. This type of package is
now in use for commereial products.m® A more recent
development in thermostabilized-food packaging for

R,

Fig. 1. The Apollo spoon-bowl packet used for rebydratable
fonds. The food is rehydrated by inserting water through the
spring-loaded valve by means of a water gun. Rehydrated food

is consumed by using a spoon dipped through the top, which is

cut open with scissors,

manned space flight is the use of rigid aluminum cans
with full-panel pull-out lids. This type of can was used
in space for the first time during the Apollo 10 flight in
May 1969. The package proved to be so successful that
its.use. in the Apollo food system was expanded to in-
clude virtually all categories of thermostabilized foods
commercially ‘available in aluminum cans fitted with
full-panel pull-out lids. The type of aluminum can used
for the Apollo 14 mission is pictured in Figure 4.
Although thermostabilized food in this type of pack-

Lk

OO NENTENEORS. -

R ek

e-beverage packages.

AT : e .
. Fig. 3. Apollo 14 package used for intermediate
dehydrated food that is ready to eat.

iy i

moisture and

Fig. 4. Apollo 14
panel pull-out lid,
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" age readily fulfills the objectives that space food should

be appetizing, safe, nutritious, and convenient to eat, it -

is costly from a weight and volume standpoint in space-
craft systems that have inflight water generation or re-
covery. Plans are underway for more extensive use of
this type of package in the Skylab spacecraft.

During the return flight from the lunar surface, the"

Apollo 14 astronauts were free to select any of the foods
that were stoswved in a pantry configuration (Table V).

This food selection provided additional information

concerning the advantages and problems thdt are asso-
ciated with inflight ad libitum or cafeteria-type selec-
tion of foods. The principal advantage is assumed to be
that the crew member is allowed to select his menu in
"real time bascd on appetite and physiological need. The
chief problem is that considerable time can be ex-
pended in surveying and locating the various foed items
to assemble the meal. Information derived from the
free-choice food-sclection phase is expected to be of
_particular value in determining the stowage configura-
‘tion of food systems for space flights of longer duration.

One of the unique items in the Apollo 14 pantry was
bread baked from irradiated flour.® This bread was
used for inflicht sandwich preparation. Sandwich
spreads were thermostabilized by processing in a hyper-
baric chamber to reduce time and temperature require-
ments and to preserve texture. Five-ounce servings were

-packaged in aluminum cans with full-panel .pull-out
lids. Inflight sandwich preparation was accomplished
without difficulty, and the opportunity to make sand-
wiches was enjoved by the crew.

After splashdown and recovery,~t-i1e astronauts were
confined for approximately three days in the MQF dur-
ing their transport to the MSC LRL in Houston, Texas.
by means of the recoverv aircraft carrier and a C-141
aireraft. Meals in the MQF consisted primarily of pre-
cooked frozen food that required no preparation other
than heating in the MQF microwave oven. The Apollo
14 MQF menus are given in Table VI. .

During the quarantine period in the LRL, a variety of
fresh, frozen, and dry foads and precooked frozen meals
was available for the astronauts and the quarantined
LRL support staff. The. food system was adaptable to
variations in the number of persons to be served. Also,
the variety of available foods allowed for accommoda-
tion and adjustment of the different eating habits. food
preferences, and caloric requirements of all quarantined
personnel. The LRL food program is now being used as
the point of departure for the design of the alert crew
food system for the space shuttle program. This pro-
pram will require strict control of food quality and safe-

"ty analogous to the controls imposed on the Apollo 14

foods. . :
Quality control and safety of the Apollo 14 tood were

- attained by in-process inspection at all points of produc-

tion. End-item examinations included organoleptic tests
by trained personnel, analysis of head space far oxygen
control, a rehydratability test (where appropriate),
analysis of the integrity of the package heat seal, and
microbiological examinations. These safety standards
are under revision to consider the long-term-storage
cffects that result principally from oxidative and non-
enzymatic browning changes and the recently exacer-
bated problems of intentional and unintentional addi-
tives, These advanced safety standards can have sig-
nificant publie-health implications.® Improved quality
control and safety standards will be applicable especial-
1y to space flights for which foods are stored for longer
durations. : -

In general, the comments by the crew members con-
cermning the quality of the inflight foods and the food
system were favorable, One crew member reported a
preference for the inflight foods rather than the pre-
cooked frozen foods provided in the MQF. Of particu-
lar interest were the crew members” comments concern-
ing the wide variety of thermostabilized foods packaged
in the aluminum cans with full-panel pull-out lids. The
crewmen reported that the lids were removed carefully

* TABLE VI APOLLO 14 MQF FOOD:

DAY 1 Day 2

Day 3
Breakfast

Day 4 |

Day 5

Crepes Normandie
Link Szusage

Crepes Georgia
Cheese Omelette

Crepes Diane

‘Cheese Omelette

-Crepes Georgia

Plain Omelette

Crepes Normandie
French Toast

Crisp Bacon Strips Pancakes Crisp Bacon Strips Breakfast Ham Crisp Bacon Strips
Breakfast Roll Maple Syrup Breakfast Roll Breakfast Roll Maple Sytup.
. Jelly Jelly Jelly
) N T Lumew -
Roost Beef Sandwich Beof Stew Spaghetti with Rnast Beef au jus Braised Beef Tips B
Carn Relish Dinner Hotl Meat Sauce Duchess Potatoes Tiny Whole Potatoes
Mixed Fruit Compote Tuims Creen Beans Amandine  Glazed Carrots with Green Peas
- ¥anilla 1ee Cream Dinner Roll Dinner Roll Dinner Roll
Assorted Conkies Vanijlln Iee Cream Fudse Brownies Vanilla Iee Crenm
Oatmeal-Raisin Cookies
Dinner
Strip Steak Chicken Kiev Baked Ham with Short Ribs of Beef Labster Newburg
Baked Potatnes ‘White Rice Pineapple Glaze Buttered Peas White Rice
Asparagus Spears Mixed Vegetables Au gratin Potatoes with Mushrooms French Stvle
Dinner Roll Dinmner Roll Buitered Green Peas Whnle Kemel Com - Green Bexns
Apple Cobbler Fudge Cuke Dinner Boll .Dinner Roll Tlnoer Boll
: : Cherry Cobhler

Pecan Pie

Almond Torte

sIystant coffee, tea, butter, and sterilized canned whq‘le. milk were available at each meal,
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APOLLO 14 FOOD SYSTEM—SMITH ET AL,

] ’ X
S TABLE VII. FOOD CONSUMPTION DURING NOMINAL APOLLCO LUNAR LANDING MISSIONS ‘

BN F.ood Type Qunntity Provided on Apollo —

Qua.nti.ty Consumed on Apollo —

Percent Consumed on Apolio —

11 12 14 11 12 14 11 12 14
Dreakfast Items 51 44 38 aT 27 29 529 614 76.3
Salads and Soups® 18 15 15 16 g 5 889 . 533 313
Meatss 30 22 ' 20 4 7 4 . 133 31.8 20.0
Desserts® 24 20 15 0 10 5 - 0 50.0 33.3
Fruits® 18 18 '8 10 15 8 85.5 §3.3 1000
Beverages" 75 75 70 45 47 65 60.0 62.7 2.4

" Bite Size 48 30 30 26 14 38 54.2 48.T 97.4
Themmostabilized 30 30 30 14 23 25 467 76.7 83.3

aRehydratable,
bintermediate moisture.

and no accidental dispersion of food occurred. Eating
food in null gravity using ordinary tableware spoons
proved to be a complete success. The spoons are the
size referred to in the industry as serving spoons, which
are the intermediate size between a teaspoon and a
tablespoon. ‘

The CDR and
lined in the programmed menus, and the body weight of
each was maintained throughout the mission. The CMP
deviated slightly from the programed menus and re-
ported that the quanity of food supplied for each meal
was greater than his need. A smaller variety of high-
preference items would have been more acceptable.
The body weight of the CMP at recovery was slightly
less than that recorded preflight. The crew members re-
ported that undissolved gas existed in the water supply,
but the gas caused no significant problem with proper
rehydration of food. . '

The food consumption by type during the Apollo
lynar-landing missions is given in Table VII. During
these missions, consistent consumption rate of 50% or
greater has been recorded only for breakfast items, bev-
erages, and IM fruits. Foods are selected for flight only
after careful consideration of the food preferences of
cach individual crew member. Ground-based crew

member food-preference ratings have proved to be a.

poor basis for predicting inflight food consumption. The
implication of these findings is that the conservative
approach in the design of a space food system requires
an oversupply of foods to allow for inflight shifts in
food-acceptance patterns.

The fact that solid and semisolid foods*can be con-
sumed in null-gravity from open containers by using

the LMP consmﬁed the foods as out- -

: I
the use of frozen foods, an improved liquid-food dié-
penser, facilities to eat all nonliquid foods from open
containers, a greater variety in the menu, and equip-
ment for heating food. :
" Since the flight of Freedom 7 (Mercury 6), the evolu-
tion of space food systems has been marked by the ap-

" plication of technological principles to design and de-

velop unique food formulas and packages so highly
acceptable, safe, nutritious, and convenient food would
be available for the astronauts. These systems have
been constrained particularly by the limited «veight and
volume allowed in spacecraft. The success of this food
program has resulted from the stepwisc improvement of
the food system with each succeeding space flight. By
means of this type of evolutionary improvement, the re-

" quirements for food systems for the more sophisticated

conventional tableware has been established during the -

Apollo Program. Expansion of the list of suitable foods
on future Apolle flights will provide an extensive selec-
_ tion of foods in a variety of forms that not only will meet
the unique requirements of Skylab, space shuttle, and
space station missions but also will be highly acceptable
to individuals with a variety of food preferences.
Food-system improvements during the Apolio Pro-
gram have laid the groundwork for the food svstem for

the Skylab Program. The Skylab vehicle will be manned-

~in carth orbit by three crews of three men each. The
first crew is scheduled to inhabit the spacecraft for 28
days; the next two crews, for 56 days each. All food will
be on board at the time of the initial launch of the Sky-
lah vehicle. The. food advances scheduled for Skylab are

space flights of the future will be met.8

The new generation of manned orbital space flights
will begin when the space shuttle program is activated
in the mid-1970’s. During preliminary food-system-de-
sign studies for the space shuttle, it has been deter-
mined that optimum overall food-system performance
can be obtained by maximizing the use of rehvdratable
foods: Rehydratable foods allow maximum vehicle pay-
load becanse food weight is reduced by approximately
80 percent when water is removed. Adequate water for
rehydration is available from fuel cells. Excellent rehy-
dratable foods are in the current space-flight food in-
ventory. These foods have been developed and verified
for flight during the Mercury, Gemini, and Apollo mis-
sions, The advantages of diets composed of rchvdrata-
ble foods also have been verified by comprehensive
studies of the physiological performance of crew mem-
bers in earth-based situations341! The space shuttle
program also will require a unique, fast-response,
ground-hased-resupply food-service program of airline
design.2 The results of trade-off studies have estab-
lished that this type of logistieal system can be adapted
best to space flight by utilizing rehydratable foods.
Thus, the advances achieved in the Apollo food pro-
gram will continue to have a strong influence on the de-
velopment of food programs for future space missions.
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" FOOD FANDLING FROGEDURNS

A, Acquisitibn of Food -

-} Frozen prepared foods selébted bf‘NASA'for usé in feeding CRAr

| personnel shall belordered'directly from the prbcegsof. Frozen
food obtained from these processors shall comply with thé State-
ment of'Work end shall belprocuréd underrthe terms of a BPA

Purchase Request (Buyer: Mrs. Pat Curry, BG 85, Ext. 7766).
Informaticn regarding the foed sources is outlined below:

a) Stouffer Foods Corporation
1375 Euclid Awvenue )
Cleveland, Ohio 44115 °
‘Telerhone: (216} 861-3450
Sales Representatives:

: MessTs, -
Howaxd R. Elder
Carl Scniabach
Jerry Childs

b) O'Brien, Svotorno, Mitchell
2455 Mason Street
San Francisco, California 94133
Telecheone: (415) 771~230C0

.« Sales Representative:
Mr. Den Greer

‘7. 2. Stapié én& parishabie focds shall be purchased from local retail
grocery outlets under the terms of & EPA Purchase Reqﬁest
(Buyer: Mvs. Pat Curry, BG 85, Ext. 7766). These foods will be
purchased three timgs rer week in quantities sufficient for feeding

narantined personnel,
g r



Local food sources are designated below:
8) Welrga ten's Store No. 70
. 18091 Upper Bay Road '
Houston, Texus 77058_

Store Manager:
ﬁ. Mr. Gere Adams-

S : ' bJ Pigely VWiggly #436
- _ 16701 E1 Camino Real
- Houston, Texas 77058

Store Managex:
' Mr. Joe Pieberiosex

5

5. Food inventory forms shall be used by the CEA Chief Steward to ~
waintsin a daily record of food on hand. This information shall
be transmitted at least daily to the Chief of Food and Kutrition

(Malcolm C. Smith, Jr., D.V.M.) or his designated representative.

B, Storage of Food
1. Adequate éupplies of food for the first seven days of the guarentine
| shall be avaflable when the quara;tine is initisted. -Frozen foeods

shall be sfored in the freezers in the CRA’ Kitchen {Reom 1—42).
Frozen food shall be rehgfpplied tb fhérCRA gf least t#iéé during
the nominal quarenféne tericd,

2, Noﬁne“lshab‘o staple . 1temb snall be . stored in the kitchen paniry
(Room'1—41) a;nd the kitchen cabinets (Room 1-42). |

3. Ffozen foodé delivered 4o the LRL shéii be held in the freezer in
Room~1~40 until they can be passed intorthe CRA.

4. Perishable "uems shall be sto“ed in the refrigerators in Rcom 1- 42

(kitchen) and Roow 1-41 (panu*})



Y

C.. Transfer of Food into CRY4

s S
Items of food brought into the CRA durirg quarantine, for replenish-

‘ment or for any contingency, shall be transferred into the CRA as

=

follows: . o e

1.

The Chief Stewart shall notify Malcolm C. Swmith, Jr., D.V.M., or
his designated rerresentative of the quantity requiréments of foed

items stored in Room 1-40.

Requested perishable food-stuff will be removed from the refrigerator

in Room 1-40 and pleced in an insulated cooling container.
e ' -~ Y < .
Staple items requested will be placed in storage containers,
. : _ ‘

The filled food containers will be loaded in the sutoclave in

Room 1-39 after ascertaining that the amber door-sigral light

is Offt .
The sutoclave doox will then be closed and CRA Steward notified

vis intercom,

After ascertaining the amber door-signal light is off, the CRA

persormel will open the autoclave door from their side and

transfer the filled food containeré'out of the autoclave chamber.
®ach container of focd transferred iﬁto fhe CRA shall bé accompznied
by a éigngd ce%tificate verif;ing that all food has been inspected
with€ie§pect to céunt, condition and ﬁholesomeness. Malecolm C.

Smitk, Jr., Clayton S, Huber, and Glenda Lawrence of Food and

~Nutrition {PC-7) sxe the only individuals authorized %o sign the

certificate.

-



\

8.

\‘.

Normally, focd shall:be transferred into the CRA at the following

T times: ' R : S .
10:00 A.M.
2100 P .
4:00 P.M. .

Note: The sutoclave must pass through a sterilization
cycle before deor to the noncontaminated side

can be opened again.

D, Preperation of Food

1.

E, Serving of Food

1.

Meals shall -be prepared and serv$d three times daily by the Chief
Steward. The Assistant Stewards will assist when recessary.

Meals shall be prepared according to menus futnished by NASA,

‘Frozen prepared foods shall be prepared as prescribed by the

supplier, by one of the following methods:

a. Conventional oven’

~ b, Range

¢. Microwave oven

‘d. Infrared oven

e, Grill

Irdicated stsples shall be orepared in accordance with recipe
directions.

Time (Note: These specified times way be modified ss required
by the CRA Director).

a. Breskfast shall be served between the hours of 0700 and 0830.

" b. Lunch shall be served between the heours of 1130 and 1300,

¢. Dinmer shall be served between 1630 and 180Q hours.



.F. Contingency Feeding Plan
1. If the gusrantine barrief‘in fhe Lgnar Sample taborafbry is” 7
. broken, food must be provided for.additionél péfSOnnel (approxi-
ﬁgtelyfloo) thatrwill be quarantined. Fodd which may be stored
8t room temperature shall be utilized for the initial 24 hour
'périod. This food|will be stored in Bldg. 421.
If the contingency fééding éystem is required,lfhe LRI representaiive
will caell extension 4791 during normal duty hours to Tequest delirery
of the emergency food. . During off-duby hours, the following
persomel from the Transportation Branch will be called a% bome_

to arrange the emergency service (in the order listed):

: 0ffice - Home
David B._Homer _ £83-23215 A474-2981
Horace' L. Bell | 483-5416 877-1255
Raymond L. Brazil 483-479L 422-593%6
William M. Patteon 4B8%-3258 4B7-2067

The MSC Form'174, Request for Move, will be processed by the IRL
immediately following the telephone emergéncy'request or on the
first normal duty periédffoliowing.

- Malcolm C. Smith, Jr. (Office 483-5056; home 471-1984) or Clayton S.
Huberﬂ(Office 463—5056; home 591-261%) shall be contacted to sign
the Food Insﬁection Certificate.

Instructions fox pfeparation are included within the package. Each

individual meal contains the following components:



One freeze d£ied main dish
- One package of coboa.beverage S Wﬁ\l
‘ Twé packages‘of insfent'coffee
One package of ;ugar'_
Oné package of coffee whitener
- One Laﬁdy bar |
Eighf freeze driedlmein dishes shéll be provided;
Beef Stew |
Chicken Stew
épééhetti and Meé% Saucé
Beef with Rice .
“Poxk and Potatoes
3eef and-Hasﬁ
' Beeflﬂlmondine
| Chunk Chicken with Rice and Carrots
2. After fhe fifst 24 hour period, foodé similar tc those provided
for the nominai_CRA gquarantine shall be uSed for the reﬁainder of
the coﬁtingeﬁcy feeding. Breakfast shall be p;epared ffom fresn
foods pumchased loéélly. Lunch and dinner shall Be prepared from
frozen precodked,food delivered daily to the Iunar Receiving
‘ Laborétory. EThe frozén food shall be purchased from Stouffer
Fbods Corpdrétion and.stored at Glézie? FQostéd Food Company,
_2216.Silver Street, Houston, Texas; Déiivery shall be made by
Glaziex Frosged Food Compa;y if a contingéncy feeding system is

required. (Contact Mr. Tom Jamsil, Telephone No. 809-6411).



\ Malcolm C. Swith, Jr. (483-5056) has the responsibility for the

S

procurement and delivery of these -food items. The contingency

'Lfrozen food shall be supplemented with fresh foods purchased -

e

locally.

-3, Disposable eating utensils shall be used for gll coﬁtingency

feeding systems, '
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Huger, C. S, N. D. HewprrraveH, R. M, Rarp, and M. C.
SMITH, JR. Nutrition systems for pressure suits. Aerospace Med.
44{8):905-90%, 1973, .

Noutrition systems were successfully developed i the Apollo
Program for astronauts wearing pressure suils during-emergeuey
decompression situations and during limar surface explosations.
These nutrition systems consisted of unique dispensers, water,
fiavared beverages, nutrient-fortified beverages, and intermediate
moisture food bars. The emergency decompression system dis-
pensed the nulrition from outside the pressure suit by inferfacing
with a suit helmet penetration port. The hmar exploration system

utifized dispeuscrs stowed within the interior lavers of the pres- -

sure suit. These systems could be adapted for provision of nu-
trients in other situntions requiring the use of pressure suits.

HE PHYSIOLOGICAL, psychological, bacterio-
logical, and bicchemical cffects on individuals wear-
ing pressure suits have been extensively studicd.!-23.
Nutrition in thesc studies was usually provided by trans-
ferring water and food into the suit from outside. This

necessitated penetration of the .suit helmet or faceplate.

Such penetrations of pressure suits during normal opeta-

tions in the hard vacuum of space cntdzl unaccep{'lble

hazards.

. The Apollo Prosram prowded for the contingency in
wluch the Command Service Module (CSM) would be
deptessurized during flight and the astronauts would be
required 1o wear pressure suits until reentry. [n this con-
tingency, cabin depressurization would have persisted for
up to 115 he and an intake of fluids would be esscatial
to sustain life.

Apollo lunar explorations required astronauts to cat
while wearing their pressure suits. As the duration of
journeys on the tunar surface increased, the necessity of
providing proper fluid and nutrients became increasingly
critical. Apollo astronauts estimated that work periods
on the tunar surface of up to 10 hr were within their
physical capability; howewver, periods up to 4 hr required
fluids and solid nutricats to insure proper ph\qm]omcal
performancc

€. S Huber is in the Life Sciences Division, Techuology In-
corporated, 17311 Ei Caniino Real, Hmmun. Tx 77058,

N. D. Heidelbaugh, R, M. Rapp and M. C. Smith, Jr. are in the
Food and Nutrition Hranch, Biomedical ]{LhL.llCh Division, M-
tional Acronautics and Spiee Administration. Jolnson Space
Center, Houston, Tx 77058,

* this paper.

Nutrition support systems were developed for pressure
suit feeding to meet the requirements of the Apollo
Program. These systems are described and discussed in .

APOLLO PRESSURE SUIT

The Apollo pressure suit is shown in Fie. 1. This suit
fits dircctly over a Cooling garment in which cooling
water Is circulated to transfer mietabolic heat from the
astronaut’s body. The first inner layer of the Apolio
pressure suit is a comfort layer of a lightweight, heat-
resistant polyamide. Progressing outward, the subsequent
layers -are as. follows: a gas- txght bladd;r laver of
neoprenc-coated uylon which maintaing the pressure of
the suit, a nylon restraint laver which prevents the blad-
der fmm valvouing, a lightweight super-insuiation con-

At
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Apolo pressure suit,

7 Fi_g. 1.

Acrospace Medieine o Awpnss, 1973

9035



SPACE SUIT NUTRITION SYSTEMS-——HUBER ET AL.

900KCal.
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Fig. 2. Apollo nutrient-defined semisolid food,

Fig. 3. Apolle rehydral.\blc food pdckué
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SPACE SUIT NUTRITION SYSTEMS—HUBER ET AL.

sisting of alternating layers of very thin metalized poly-
amide [Im and glass-fiber cloth, several layers of polyes-
ter and spacer material,
Tayers of Teflon-coated glass-fiber cloth and Teflon cloth.

Under normal conditions of use, i.e., on the lunar
surface or in the CSM, the internal pressure of the suit
is approximately 3.5 PSIA. The bubble-shaped pressure
suit helmet is formed from a high-strength polycarbonate
plastic. It is attached to the suit by a pressurc-sealing
neckring. Unlike Mercury and Gemini pressure suit hel-
mets, which were fitted closely and moved with the
astronaut’s head, the Apollo helmet is fixed; and the
astronaut’s head is free to move.

The ATL helmet of the Apollo pressure suit is
equipped with a penetration port which is located on the
left side—near the left ear when the helmet is in place.
This location makes drinking and eating extremely awk-
ward but not impossible. In most instances, the astro-
naut requires the assistance of a fellow crewmember
when using the helmet penetration port.

CONTINGENCY NUTRITION SYSTEM

A contingency nutrition system was developed for
the event that the spacecraft cabin would be depres-
- surized which would have required the astronauts to
wear their pressure suits for up to 115 hr. Several
approaches were cvaluated in the development of this
contingency nutrition system.

One system utilized a nutrient-defined semisolid food
contained in flexible metal tubes. Each tube had an
tnsertion tube attached (see Fig. 2). It was found, how-
ever, that-astronauts wearing the pressufized suit in an
evacuated chamber could not exert sufficient external
pressute to force the semisolid food from the metal
tube, through the insertion tube and into their mouth.
This resulted primarily from- the positive- pressure dif-
fercntial (3.5 PSIA) within the suit combined with the
flow properties of the food.

Another design approach utilized the Apolle rehy-
dratable food packages (Fig. 3). Valve adapters.or in-
sertion tubes were designed which could be attached to
" the rehydration valve of the package (Fig. 4) or the
mouthpiece of the food package (Fig. 5). A device
(Fig. 6) to restrain the food package and assist in ¢x-
peliing liquid food through the inscrtion tube was con-
structed. This restrainer assembly concept incorporated
cams and levers to force the food from the package
‘throngh the adapter into the astronaut’s mouth.

When the food package adapters were tested, the food
packages ruptured. The point of fuilure was in the heat
sealed side seams. Although the food packase heat seals
are tested for inteerity at a differential pressure of 9

PSIA during fabrication,. a sudden change in the internal -

pressure usually resuited in rupture. Prolonged internal
pressure with cxternal nmmpu]atmn to cxpress liquids
through the port resubted in o 25%% failure rute ot the
side. scams,
sembly {Fiz, 6) proved to be unacceptable since it was
awkward to use, very heavy and bulky, and did not
‘provide adequale support 1o prevent rupture of the side
seams. In contrast, the mouthpicce adupter had some

\

followed by protective outer .

The metallic, food puckage restrainer-as-

~ with earliest concept at top of photograph,
concept, and final design at the bottom,

advantages, c.g, more viscous foods could be con-
sumed because of the larger orifice at the point of at-
tachment. However, attachment of the

caused the polycthylene to split and it proved diificult
to manipulate with the gloved hands,

Fig.- 7 illustrates thc; evolution of the valvc-adapter ;
- insertion tube which was designed to interface with the

rehydration valve of the food package, The shut-off valve
was incorporated into the valve-adapter to prevent loss
of critical, internal suit pressurc in.the event of a
rupture of the beverage package, to prevent loss of
liquid from the pac!\aﬂe after rehydration, and to pre-

- vent the sudden surge of pressure into the’package when

the tube was inserted through the helmet penclration
port. With the shut-off valve, the pressure inside the
package could be gradually cquahzcd with the in-suit
pressure without rupture of the food package when used
with a nylon restrainer pouch. The inscrtion tube was
lengthened for easier in-suit access. The one disadvantage
of the valve adapter was that the orifice at the point of
attachment was small apd only liquids could be used.

Another approach was a restrainer to prevent rupture
of the food package. The nylon restrainer pouch shown
in Fig. 8 was included in the Apolio 8 system. Although
this design prevented rupture of the food package, it
was difficult and a time-consuming proccdure for the
crew to- insert the food package into the pouch while
wearing pressurized gloves.

Fig. 9 shows the final design of the food restrainer
pouch. This design proved to be successful. A double-
Zipper pouch enabled the astronaut to insert the package
into a relatively large opening and then restrain it further
by closing the second zipper. The only problem en-
countered in the evalvation of the nylon restrainer pouch
was a failure in the package between the main section
of the package and the germicidal tablet section. This
germicidal tablet is used to stabilize the residue left in
the bag after eating. This problem was eliminated by
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Fig. 8. Food package resirainer pouch.
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Fig. 9. Final design of food package restrainer pouch with re-
- hydratable beverage package installed prior to closing zifipers.
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removing the germicidat tablet and its associated com-
partmicnt from the package. The contingency feeding
system, as provided for Apollo 10 through 17, consisted
of one valve-adapter insertion tube and three nylon food-
restrainer pouches. Each restrainer pouch contained 2

" packase of beverage powder.
o =

Thus, for initial use, the astronaut would rchydrate
the beverage powder aad attach the insertion tube. After
drinking this beverage, the cmpty package would be.

. replaced with additional packages of beverage powder.

As it developed, there was no requirement for use of

-this system during any Apolie flight. However, ground- .

based tests verified its funclion.

THE LUNAR EXPLORATION
NUTRITION SYSTEM

The lunar exploration nutrition system was designed
to provide fluids and nutrients to support crewmen dut-
ing lunar surface ‘operations. The concept utilized dis-
pensers placed within the pressure suit thus eliminating
the requirement for utilization of a penetration port in
the helmet. A beverage dispenser and a solid food dis-
penser were designed. A fluid dispenscr was first utilized

‘on the Apoilo 14 mission. This dispenser had a capacity

of 8 oz. During the Apollo 14 lunar exploration, each
astronaut consumed water from his dispenser. This
marked the first time that fluids were consumed by man
outside of a space vebicle and away from carth.

The fluid dispenser used on Apollo 15, 16, and 17
(Fig. 10) was similar to the configuration of that on

- Apollo 14 cxcept that it had a capacity of 32 fluid

ounces. All of the dispenscrs were made of 3 mil polyu-
rethane. The dispensers were fitled with a latex tube and
a check valve used to rctain the liquids within the dis-
penser. Liquids were removed from the dispenser by
opening the cheek valve and sucking, The dispsnser was
placed between the restraint layer and the polyamide lay-
ers of the Apollo space suit. The Commander and Lunar
Module Pilol were each provided with a beverage dis-
penser. During the lunar surface activity of Apollo 15
and 17, the container was filled with 32 oz of water,
For Apollo 16, the dispenser was used for lunar surface

‘consumption of 32 oz of orange drink fortificd with

10 mEq of potassium (as potassium gluconate).

Several food bars were developed for the solid food
dispenser. The bars were composed primarily of natural
fruits, gelatin, sugar, and water. Seven varicties of bars
were developed (apricot, cherry, plum, raspberry, lemon,
strawberry, and spiced apple). The bars were designed
to be stable at room tcmperature by adjusting their
equilibrium relative humidity (water activity) to 65%
(i.e., they would nejther gain nor lose moisture in an
environnent of 65% relative humidity). This condition
inhibited microbiolagical growth. Apricot food bars were
used on the Apollo 15 mission. This marked the first
instance of muan consuming solid food while wearing a '
pressure suit outside of a space vehicle. On Apollo ]6,
lemon, apple, and cherry bars were consumed, and on
Apollo 17, apricot and cherry bars. Fach'2.5 x22.9 x 0.6

- em bar weighed between 53 and 62 g. One bur provided

approximately 188 Kiloculories. A typical food bar is
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shown in Fig. 10. Each bar was. covered with an edible
starch film to prevent the product’s stickiness fram inter-
fering with release of the bar from the food dispenser.
The edible film was consumed along with the bar.

After wrapping the food bar in the edible starch film,

it was inserted into an elastic nylon food dispenser.
Velero paiches were attached to the nylon for anchoring
the dispenser and bar 1o the fluid dispenser and the

neckring of the pressure suit (Fig. 11).-The food was -

consumed by grasping the bar with the teeth and pulling
it from the dispenser. When an adequate amount was

dispensed, a bite was taken and the product consumed.

The method for dispensing prov‘,d satisfactory and no
difficultics werc experienced in handling or consuming
the solid food.

-All food used in the Apollo food system complied
with strict microbiological limits. Typical bars had total
acrobic counts between 200 and 4000 per g and counts
of less than 1 per g for coliform, fecal coliform, -fecal
streptococci, yeast, and mold, These bars also had*less
than one coagulase positive staphylococei per § g and
negative for Salmonclla in 10 g. Microbiological test-
ing was performed in accordance with Apollo food
microbiological procedures.® Beverages dispensed from
in-suit devices had similar microbiological profiles.

- DISCUSSION

Pressure suits will be one of man's most useful tools
in his efforts to continuously expand the horizons of his
explorations, Aside from the more obvious nzeds for
pressure suits in space explorations (jointly sponsored
international flights, satellite repair, space stations, lunar
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Fig. 11. Food and fluid dispensers attached to helmet neckring
of pressure syit. - . . -

valuable suggestions and help which led to the final desizgn and
fabrication of these systems: Mr. Gerald Swaney, Technology
Inc.; §/Sgt. Frank Hernandez, Jr., USAF; Mr. Floyd Harrison
and Mr. Matthew Radnofsky, NASA-JSC; and Caplain Alan
Bean, USN, astronaut,
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MODIFICATION O 1

ADBSTRACT OT" THE DISCLOSURE

" A process for preparing dehydrated rice wherein the
rice is cooked in whler to a gelatinized siate. The grain
includes about seveniv-five percent moisture. coatent.
Thereafler, the granular rics is subjecied to freczing and
then thawing for fwo or more cycles. Then, it is frozen
and freeze dried 10 remove moisture, The dehvdrated
granular nce is quickly rchsdnted by placing lt in hot
water. - .

v

ORIGIN OF THE INVENTION

The invention described herein was made in the per-
formance of work under & WASA contract and is subject
to the provisions of Scction 165 of the MNational Aero-
nautics ‘and Space Act of 1938, Public Law 85-568 (72
Stat. 435; 42 D.5.C. 2457).

SUMMARY OF PROBLEM AND SOLUTION

Rice is exiremely significant as a staple food through-
out the world. It is normally time consuming to prepare

and serve as a flufly granular product which is suflicienily |

tender 0 b eaten. Numerous processes have been ad-
vanced in the past to prepare “instant” rice. }Iov.ever,
even instant rice requires perhaps five minutes of sim-
mering or cooking time. Parboiled rice will sometimes
requite 2s much as ons-half hour of cooking time to secve
a product which is boik tender and edible. Even greater
periods of time arg required to prepare brown rice and
- regular white milled rice. Quite clearly, the difiiculiies in
preparing rice center principally on the time required
for its_preparation. Reducing the preparation time of rice
wobld, in essence, create a new convenience foed.

Fhe method of the present invention is directed to a
manncr of preparing rice which provides a product which
is quickly prepared, relatively light weight, easily stored;
and conveniently handled, The final product is a dehy-
drated rice- granule which is substantially redoced in
weight and which ecan be quickly prcmred and ervcd
requiring only perhaps a minute of expostiye to ¥22 watel.
" For instunce, the finat product his been rccon:,n[ulcd and
served by placing it in water at 200° F. {or just under one
minrnie. The mathod of the present invention thercfore
is summarized as including a first step of cooking rice in
" water over a low heat untit the rice is tender. When the
rice becomes tonder and edible, it is then sub;uctcd to the
fol!ow:ng sleps.

Tt is first frozen, and thereafter thawed. Preferably this
is repeated for {wo complete cyeles. Thereafler, it is fro-
zen a third time, and then the ice erystals in the rice
granules are sublimated by freczc dehydranion, Applica-
tion of haat by mcans of heating plalens facilitates the
sublimation process.

Upon complction of the forepoing process. o dry, light
weipht, granulur product whick cun be quickiy relivdrated
s boen prepared. Rebydration can be nocnmplizhed v
a matter of a few sacomds. Typicaily, only a mintite or so
is requived o rehvdeate the rice,

While the forecsing samunurizes the invention, the fol-
lowing speciication is sel forth in preater detail, the Je-
seriptioa being accompunied by no drawings. :

10

20
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The rice to bc treated by the method of the present
invention is not limited 1o any particular varicty of rice.
but is fntended for those varieties which are readily avaii-
ablz in the United Stutes and quite common ta the

-Oriental countries also. The rice is cooked in water for a

sufficient interval of time to becomc tender and edible.
Preferably, it is cooked over a low heat 1o aveid damage
to1he kernel and to avoid preparation of a pasty, cohesive
nmass as opposad to individual grains or kernels. When the
cooked rice becomes lender and edible, the next several
steps are applicd o the rice. The tender and cdible rice
is [rozen and subscquently exposed to twao cyeles of con-
seculive thawing and freezing. The .rcuini: i3 prcferably
done at quite low temperatures, perhaps in the range of
—10° C— -=20° C. While temperatures closer 1o the
freezing level may be used, in the interest of time and
expediency a colder temperature is preferably used to
quickly freeze the water in the eranules.

Thawing s preferably accomplished at room tempera-
ture, perhaps in the vicinity of 20° C.-22° C. It is specu-

“lated - that the porosity of the granule is altered to some
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extent by the repeated freezing and thawing., Apparently,
the porosity is improved in a manner such that the rice
particle absorbs the water more readily. This also means
that tha water is more readily removed, as will be d=-
scribed hereinafier. In any case, the change of porosily
enables and permits ihe rice to quickly reabsorb water
when the product of the present invention is luter fe-
constituted.

‘Fhe cooked rice is subjected lo preferably two cycles
of thawing and freczing alter the Initial [reezinz treat-
ment. While one cycle has besn attempted experimeniaiiv,
the resuits at least permil substantial rehyvdralion at =

‘much slower rale. Three cycles or more have likewise

been attempted, and the results are sometimes improved,
but not necessarily so, and may vary depzndent on many
factors. Consequently, the two cycles ¢onstitute Lhe pre-
ferred method of the present invention.

After the two complete cycles of 1thawing and freezing
are finjshed, the ice crystals (water) in the kernels of rice

-are removed by the freeze drying process.” The granufar

rice is placed on trays within a [reeze drving chamber.
Heated platens are localed sbove and below the irays
which contain the granular rice. The clmumber pressure
is reduced to less than two hundred fifty smicrons. At
this pressure, heat is applied to the heating platens above
and below the trays. The platena temperature is maintained
approximately 50° C. during the drying cycle. The e
crystals within the prains of rice are converied into watar
vapor without passing through the liguid stale and, of

. course, the vapor condenses on refrigerated coils in the

chamber maintained ol a very low temperature, such as
in the range of —60° C. The moisture conlent {hy
weight) of the rice granules is less than 3.0 percent ot the
conclosion of the drying cycle. The product which je-
mains is the grmul‘u nice, absenl the water, and is a
product which is easy to puckage, requires no refrjozas
tion, and if properly packaged, can be stored indefinitely
withoutl undesirable efiects.

The debydrated granules prepared in accordance with
the mcthod of the present invention can be readily re-
constituled by placing them in water having temperatures
in the range of abouat 567 C, to 100" C. At about 103° C.,
water will lLCLll"nlI{lllc the rice prepared in accordanee
wilh the present invention within one minute. At lziser
termperatures, the process requires somewhat mate time,
but is still accomplished wiihin one or two minutes, The
rehydrubility of freeze dricd rice has been todified by the

consective frecring and thawing cycles,

n’

The ability of tiie product 1o Le prepared rapidly poists
out the possibility Lhat the method of the present inven-



tion can be vsed in preparing rice for ficld usLs, as might
be found for military persouncl, or fpr campers, and also
finds use in preparing a light-weichl food which czn be
prepared quickly by astronauts. The finished product s,
as has been emphasized, fully equal o the finished prod-
uct of conventional rice preparption methods.

The foregoing is directed to the preferred mcthod of

the present invention. Peviations and alterations of the
miethod set forth can be supplied by those skilled in the

ari. The scope of the present invention is determined. by
the claims wiich are appended hercto. .
What is cluimed is:

1. A method of preparing granular rice, comprising the

steps of: .
{a) cooking granular rice in water over a’low heat
until (ke granular rice is tender and edibie;

. -8,692,533
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{b) frecoing and 1thawing the granular rice for two .
g -

cycles; )

{c) thercafier freczing the eranular rice again; and,

{d)} freeze drying the granalar rice to reduce the mois-

fure content to not more than four percent.

2. The invention of claim 1 wherein the fizezing s
accomplished at a temperaiure of abow —10° C. or
below. . ' s
. 3. The invention of claim 2 wherein the thawing is

i
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accomplished at ambient room temperatures in the range

-of approximately 22° C.

4. The riethod of claim 1 wherein the freeze drying of
the rice is accomplished in a closed chamber where the
pressure is reduced (o less than two hundred fifty microns.

5. The methed of claim 1 wherein the dryine of the rice
is accompanied with heat in the range of approximately
fifiy degrees centigrade, which fs not fnitiated until after
the pressuve within ihe chamber is reduced.

6. The invention of claim 1 wherein the rice is recon-
stityled. by placing it in water having a -temperature
ranging from approximately filty 1o one hundred degrees
centigrade for an interval approximating one minute.

7. The method of cluim 1 forther including the slep
of rchydrating the rice by placing il in water at aboul
ninety degrees centisrade for about onc-haif minute.

8. The granuvlar rice as a product prepared in actord-
ance with the method of claim L
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THE STABILIZATION OF AEROSPACE FOOD WASTE'
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ABsTRACT

The relative effectiveness of 8-hydroxyquinoline sulfate and
alkyl dimethyl benzyl ammonium chloride {a quaternary
ainmonium compound) were compared for their ability to
prevent growth of microorganisms in aerospace food waste.
Alkyl dimethyl benzyl ammonium chloride and 8-hydroxy-
quinoline sulfate were added to samples of banana pudding,
chicken salad, cocoa, orange drink, and non-fat milk at
concentrations ranging from 0.1 to 4%. The rehydrated foods
containing the microstatic agents were incubated at 23 C
for 60 days.

Microbiclogical analyses were performed on ahquots which
were withdrawn at various intervals, Aliquots were analyzed
- for total aserobic count, coliforms, yeasts, and molds. No
growth was observed in samples contaifing 8-hydroxyguino-
line sulfate in concentrations 1% and stored at 23 C. Col-
iforms, yeasts, and molds were not detected in the initial
food or during the storage period. Research toward a food
waste stabilization system which would prevent growth by
decreasing the water activity is recommended.

The formidable problem of food waste stabiliza-
tion onboard spacecraft has been magnified by the
longer flights of Gemini and Apollo. Extended man-
ned spaceflight will pose an even greater challenge
for stabilization of residual or waste food. The
Skylab Program, which is tentatively scheduled for
1973, will more than double the mission length of
manned spaceflight sponsored by the United States.
One 28-day and two 58-day missions, with a comple-
ment of three astronauts, are projected for the Sky-
lab Program. Food waste on Skylab will be normal-
ly disposed of by passage into an outside tank which
is at temperature and pressure of the space environ-
ment. If the passage lock into this tank should fail
an alternate food waste stabilization system, probably
based on chemical additives must be available. No
completely satisfactory chemical has yet been devel-
oped for such an application.

e —

This work was performed under contract with the National
Aeronautics and Space Administration (Contract No. NAS 9-
927) )

The Apollo Food ~ System utilizes dehydrated
thermostabilized, and intermediate moisture foods
packaged in flexible laminated plastic or rigid alum-
inum containers, Flight foods are consumed directly
from their package. Food residue subsequently
stowed aboard the spacecraft requires microstatic
treatment. This residue is currently treated with
8-hydroxyquinoline sulfate (8-HQS) to prevent mi-
crobial growth and subsequent odor and gas produc-
tion. Treatment is accomplished by insertion of 1 g
of 8HQS in pill form into the package immediately
after the food is consumed.

Food waste from the Mobile Quarantine Facility
(MQF) also must be treated with a .microstatic
agent. The MQF serves as a portable isolation ward
for the astronauts while enroute from the spacecraft
recovery area to the Lunar Receiving' Laboratory
at the Manned Spacecraft Center, Houston, Texas.
The food system aboard the MQF consists of frozen

-precooked meals supplemented with canned and

dried staples. Food waste from the MQF is treated
with 8-HQS, sealed in double polyethylene bags, con-
veyed through the transfer lock, and stored for the
duration of the quarantine period. Moisture con-
tained in the food residue from both the spacecraft
and the MQF is utilized to dissolve the 8-HQS.
Any remaining untreated food residue may be ex-
pected to support microbiological growth with sub.’
sequent gas production and putrefaction. If the
food packages did not receive adequate microstatic
treatment, odors, gases, and spores resulting from the
growth of microorganisms could become a serious
problem in the confined environment of the space-
craft. If there were gas production in the sealed

. waste containers from the MQF this could rupture

the containers' and cause a break in the quarantine.
This investigation was prompted by the hazards of
inadequate microstatic treatment of waste foods and
the lack of sufficient evidence to support micro-
static activities of 8-HQS in the presence of food.

y
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Since theyware odorless -and effective in small con-

e

chelate complexes.

cen&atmns the quaternary ammonium compounds

appeared to be more desirable for Apollo food waste

stablhzatmn ‘than 8-HQS. El?crmbre this study was

(ADBAC) in the presence of food.
Space food systems have been previously described

- by Heidelbaugh (8). Methods to manufacture foods

for these systems were reported by Flentge and Bu-
stead (6). The possible preservation procedures for
controlling waste putrefaction during space flight
were reviewed by Roth et al. (9). These procedures
included jettisoning, heating, refrigerating, desiccat-
ing, and treating with chemical agents. Chemical

- treatment of the food residue appeared to be the -

most feasible method. .

In order to be compatible with the aerospace feed-
ing system and the spacecraft environment, the ideal
food waste stabilizer should possess -the following

characteristics: (a) odorless, (b} water soluble, (¢} sol-

id material, (d) non-gas forming, (¢) non-toxic to

crewmembers, and () effective in small concentra-’

tions.

‘The antimicrobial activity. of 8-HQS$ is usually
attributed to its capacity to form feebly dissociated
According to Elek (5}, the metal
chelates are lethal to the cell. This theory was sup-

" ported by Albert et al. (1) who have studied 8-
“~quinolinol extensively.
* that the metal chelate becomes an active toxicant by

Gershon et al. (7) also agreed

combining with and blocking metal binding sites on
enzymes. Albert et al. (2) reported that 8-HQS ex-
hibited no antibacterial activity at any concentration
in the total absence of iron or copper. Block (4)
found 8-HQS to be fungistatic rather than fungicidal.

- Elek (5) noted that an increase in the concentration
~of hydroxyquinoline resulted in reduction of anti-

bacterial action. This paradoxical effect was attri-
buted to the fact that the complexes formed with
the excess 8-HQS were less toxic.

- Quaternary ammonium- compounds have been
utilized extensively in the food processing field as
sanitizing agents and are more active than many other
compounds when tested in the presence of organic
material,

MaTERIAS AND METHODS

Rehydratable flight food items were utilized to compare
the microstatic effectivencss of 8-HQS! and ADBAC®:. Ba-
nani pudding, chicken salad, and cocoa were manufactured
in accordance with the requirements outlined by Flentge
and Bustead (6). These foods complied with the microbio-

'Baker Chemical Co.
*Eeonomics Laboratory, Ine,

THE RELATIVE EWmNm

479

logical specifications for space food (6). Orange drink and’
non-fat dry milk were packaged in the laboratory in packages
fabricated from a laminate of 1.00 mil polyethylene, 0.75 mil
mylar, 2.00 mil aclar, and 2.20 mil polyethylene.

The quaternary ammotium compound, 50% active ADBAC,
was especially prepared for this study. This guaternary am-

" monium compound possessed the following properties: (a)

compatible with nonionic surface active agents, (b)) freely
soluble in water, and (¢} odorless in the powdered form as
well as in solution. The microstatic agents, 8-HQS and
ADBAC were added to the dry food through the feeding
port: at the following concentrations: 0.1, 0.5, 1, 2, 3, and
4%. The concentration was based on the total weight of
rehydrated food. Sterile distilled water was added through
the feeding port to rehydrate the food and microstatic agent
mixture. Food packages were prepared for each concentra-
tion of microstatic agent and incubated at 23 C. One
package of each food which did not contain a microstatic
agent was stored under the same conditions to serve as a
control. - Microbiological analysis of each package-was con-
ducted at the following intervals: Q, 5, 15, 30, and 60 days,
Eleven-gram sample aliquots were withdrawn through the
feeding port and transferred to 99 ml of buffered distilled
water. ‘Total acrobic cbunt, total coliform, and total veast
and mold counts were performed in accordance with Stan-
dard Methods for the Examination of Dairy Products (3).
Analysis for total coliforms was performed with Violet Red
Bile Agar (Difco). Samples for total coliform, and yeast and
mold were plated at dilutions of 1:1 and 10-*, Total aerchic
counts were plated at four dilutions. Initial samples were
plated at 10! thiough 10-%, Subsequent samples were plated
at dilutions based upon the previous count. No attempt was
made to inhibit the antimicrobial activity of the agents dur-
ing the plating procedure because there was no confirmed
method of suppressing 8-HQS activity in the presence of food.

Resurts anp Discussion

The initial total aerobic counts were all <10,000
per gram and were therefore, within the limits
established for aerospace food (6). No coliforms were
detected in the control samples or the samples con-
taining microstatic agents during the entire storage
period. The yeast and mold counts were negative
for the entire storage period. The total aerobic
counts obtained at the various concentrations of
microstatic agents and storage times at 23 C are
shown for each food in Tables 1 through 5. Both
of the microstatic agents were reasonably effective
in controlling growth of microorganisms when pre-
sent in concentrations greater than 1%, Growth in
the chicken salad (Table 1) was more persistent and
required more wmicrostatic agent for control. In
general, higher counts were obtained from the chick-
en salad containing 8-HQS (Table 1). However,
both compounds required a concentration of 2% to
prevent bacterial growth. There were no detectable

differences hetween the two agents in the presence
of non-fat milk. A concentration of 0.5% of either
compound (Table 2) maintained bacteriostatic con-

~ditions throughout the storage period.
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TasLE 1. TotarL ArroBic Count { X 10*) or Cuicken Sarap SToRED At 23 C
’ Days sterage
P vy ] 3 18 T 30 0
(%) 8-HQR ADEAC §-HQS ADBAC 3-HQS ADBAC E-HQS ADBAC §-HQS ADBAC
0 0 0 B9 89 10,0007 10,000 93 93 110 116
01 - 0 0 97 &7 1,000 1,000 10,000 11,000 10,000 10,600
0.5 0 0 100 120 11,000 130 12000 L1060 1,100 1,100
1 0 0 ‘110 1? 100 100 18,000 1,200 1,200 150
I
'Concentrations >»1% produced counts <10 pcr‘ gram,
TapLE 2. TorarL Aerosic Count (X 10¢%) oF Now Fat Mk Storeb ar 23 C
L Days storage -
e 0 5 ] 15 30 &0
(%) 3-HQB ADBAC 8-HQS ADBAC 8-HQS ADBAC §-0QS ADBAU 3-HQ3 ADBAC
-0 0.11 0.11 110 . 110 1,100 1,100 0.01 0.01 0 o
0.1 0 o 100 100 0 0 0 0 ] -0
’Conce_ntrations >0.1% produced counts <10 per gram.
Tasre 3. Torsn Amomc Couxt (X 10*) oF Cocoa Storer a1 23 C
. Days. storage
Pty 0 5 . 15 30 80
(%) 5-HQS ADBAC __ 8-WGS ADDAC . 83-HYUS ADBAC 5-HQS ADBAC §-HQS ADBAC
-0 0 ¢ 94 94 10,000 10,000 110 110 100 100
0.1 0 0 93 bl 11,000 1,100 1 1 1] 1
0.8 0 0 0 100 0 1,100 0 12 0 89
1 0 0 0 78 o - 0 0 ] 0 0
IConcentrations >1% produced counts <10 per gram,
. i . "
- Tasre 4, ToraL ArroBic CouNT (X 10*} oF Orance DRINK STORED AT 23 C
: —_ Days storage
Py 5 3 15 30 60
(%) 8-HQS ADBAC 3-HQs ADBAC 8-HQS | ADBAC 3 HGE ADBAC B-HQS ADBAD
0 o 0 0 0 o ¢ 10,600 10,000 0 0
0.1 0 0 0 o’ 0 ‘ 0 1.3 11 0 11
05 0 0 0: 0 0 100 0 0 0 0
!Concentrations ->G.5% produced counts <10 per gram.
TABLE 5. AE%HOBIC Count (X 10%) oF Bawana PuppiNe StoreEp at 23 C
Pays storage
Coneen; B K 5 N 30 80 _
%) 5-HQS ADBRAC 3-HQS ADDAC 8-HGS ADBAG 8-1Q8 ADEAC 5-HQGS ADBAC
o . 0 0 120 120 9,800 9,800 0 0 0 0

1A concentration of 0.1% produced counts <10 per gram.

Samples of cocoa treated with ADBAC and stored
at 23 C exhibited more growth than those treated
with 8HQS (Table 3). A concentration of 1% 8-
HQS maintained microstatic conditions but a con-
centration of 2% ADBAC was required for the same
“effect. A 0.5% concentration of 3-1QS and 1%
ADBAC prevcnted growth in orange drink stored
at 23 C (Table 4). Both compounds were very ef-
fective in controlling growth in banana pudding stor-
~edat 23 C (Table 3).

‘.
+

‘\

Both of the microstatic agents were reasonably ef- -
fective in controlling growth of aerobic bacteria when
present in concentrations >1%. However, it should
be noted that neither compound was tested in the
presence of food and coliforms or yeast and mold
because these microorganisms were not detected in
the control samples. These microorganisms could

~ be expected to be a part of the food waste flora as a

result of contamination during consumption. The
nutnber of genera of microorganisms encountered in
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=~ "this Gxperiment was relatively small since only a few

___data indicate that use of these agents as the sole

foods were studied and these possessed extremely low
microbial counts at the beginning of the study. These

—— - source oF control for microbial growth in food waste,

over long periods of time, is not without considerable
risk.

The ideal space food waste stabilization agent

- should be effective in low concentration and possess

a broad spectrum of anti-microbial activity. A stabi-

" lization agent should also be effective for periods

up to 1 year (Skylab System requirement). A mix-

" ture of compatible antimicrobial agents with differ-

ent spectra of activity would be a complex solution

‘to the problem of aerospace food waste stabilization.

A satisfactory mixture would be difficult to achieve
and verify since many of the antimicrobial agents are
not compatible with each other or the spacecraft
environment.

Other methods of food waste stabilization need:
to be studied. One approach could be the control of .

water activity. All micro-organisms require available
moisture for growth; therefore, food waste stabiliza-
tion could efficiently be accomplished by removal or
binding of available water. This might be accom-
plished by the addition of sodium chloride. Such

“an approach could be effective against all types of

microbial life. The findings of this report indicate

" that a study of the practical means to control water

activity in food waste, as a method to control un-
wanted microbial growth, merits serious considera-
tion.

/ | " . TeE RELATIVE EFFECTIVENESS

. methods for the examination of dairy products.
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ABSTRACT

Two unknown compounds were detected in the fatty acid analysis of the

phospholipid fraction of chicken muscle, using gas-liguid chromatography. Comparison of the
unknown compounds to standards on polar and non-polar gas-liquid chromatographic columns
and infrared spectra revealed that the compounds were hexadecanal and octadecanal. These
aldehydes were assumed to have been derived from a plasmalogen.

I
-
!

Plasmalogens have been reported as

constituents - of various animal lipids
(Rapport and Norton, 1962). Plasma-
logens are lipids which release’ aldehvdes
under certain conditions. Losdg-chain
aldehydes, corresponding to octadecanoic
and ‘hexadecanoic acid are bound as cnol
ethers. Mild hydrolysis and methylation
yield dimethyvlacetals (DMA). Webster
(1960) reported the presence of plasma-
logens in heart and skeletal muscle of
hens. Peng and Dugan (1965) reported a
positive reaction of chicken muscle phos-
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ministration (Contract Number NAS 9-8927.)

1 Life Sciences Division, Technology Incorpor-
ated, 17311 El Camine Real, Houston, TN 7T7058.
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search and Operations Directorate, NASA/ Manned
Spacecraft Center, Houston, TX 77038,

PovLTRY SCIENCE 51t 1056~1058, 1972

pholipids with mercuric chloride, hence
indicating the presence of an «, § unsat-
urated ether. The works of Neudoerfier

“and Lea (1967) indicated the presénce of

plusmalogen aldehydes in turkey muscle.
However, the identification and guantita-
tion of specific aldehydes in chicken mus-
cle has not been reported in previous
studies on lipid composition. The presenat
commmunication relates the identification
and quantitation. of hexadecanal and
octadecanal in phospholipids extracted-
from raw broiler muséle and from cooked
muscle in the non-frozen, frozen and
freeze-dried state.

MATERIALS AND METHODS

Lipids extracted from the chicken mus-
cle were fractionated into ncutral and
polar fractions via silicic acid column
chromatography. Methyl esters of the
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esterified phospholipid fraction were sep-
" arated on polar (DEGS) and non-polar
" {Apiezon L) columns in a Varian 2100 gas-
liquid chromatograph cquipped with a
flame ionization detector.

Dimethylacetal compounds were iso-
lated from methylated fatty acids (MFA)
by converting the acids to their sodium
salts and extracting the DMA with ether.

Infrared spectra of DMA’s were ob-
tained with a Perkin Elmer 457 infrared
spectrophotometer. Material isolated in
the preccding step was scanned as a film
deposited on a KBr window. T

RESULTS AND DISCUSSIONS

Chromatograms obtained during pre-
liminary GLC studies in our laboratories
indicated the presence of two unknown
compounds. One unknown was eluted im-
mediately preceding the methyl ester of
hexadecanoic acid and the other was
cluted immediately. preceding octade-
canoic acid. The retention time of the un-
known compounds did not correspond to

the retention time of MFA standards,

hence it was suspected that the com-

pounds were plasmalogen aldehyde de--

rivatives (DMA). The retention time of
the unknown compounds did correspond
with the retention time of C16 and C138
‘DMA standards on a polar (DEGS) and
“ non-polar (Apiezon 1) columns. The es-
terified phospholipid fraction was saponi-
fied with subsequent extraction of remain-
ing- DMA’s with petroleum ether. As
anticipated, GLC analysis of the isolate
on a polar and non-polar column indicated
the two compounds possessed retention
time corresponding to C16 and C18 DMA
standards. '
Innirared spectrophotometry of the
isolate indicated strong absorption in the
1050-1200 cm.™! region, indicative of an
acetal functional group. The spectrum did
not indicate strong absorption in the
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"TaBLE 1.—Peecent C16 and C18 DMA in
phospliolipid fraction of brodler muscle

Thigh Percent Breast Percent
Conditions
C16 C18 Ci6 C18
Raw 6.00 2.38 8.54 2.68
Cooked 3775 1.52 8.41 1.52
Frozen ' -
—-10°C. 5.70 1.70 8.00 1.88
—100°C, 5.87 1.77 5.01 1.74
—193°C. 5.80 1.57 7.4 1.58
Freeze-Dried .
- 10°C. 6.42 1.93 8.89 2.34
—100°C. 6.14 1.73 9.17 2.16
—193°C. _0.33 1.88 8.30 2.13

1600-2000 c¢m.™ region which is charac-
teristic for a carbonyl group.
Hexadecanal and octadecanal were
found to be present in both thigh and
breast muscle. Both were present in raw
muscle and cooked muscle which was sub-

_sequently frozen and freeze-dried. The

quantity of C16 and C18 DMA found in
thigh and breast muscle is illustrated in
Table 1.

Since the DMA derivative possesses a

similar retention time as MFA deriva-
_tives, DMA could easily be mistaken for

MFA. For example, Marion and Wood-
ruff (1965) and Marion et al. (1967) re-
ported the presence of tetradecadienoic
acid in the phospholipid fraction of
broiler breast muscle. Similarly, Katz ef al.
(1966) and Miller et al. {1967) reported
the presence of pentadecancic acid in
the phospholipid fraction of chicken mus-
cle. Tt is possible that these compounds
could have been a C16 DMA since the

“identification was reported as being ten-

tative in some cases.
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